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HE recent demonstration of the 

value of serum bilirubin measure- 
ments in guiding the management of 
infants with erythroblastosis’ * * * 
has made it desirable to compare the 
bilirubin elevations of erythroblastosis 
with those of physiological jaundice in 
the newborn period. 

Numerous investigators have studied 
the problems of physiological jaun- 
dice.°""* Ross,'° Waugh,’® Davidson," 
Weech,'® Findlay,'® Fashena,?” and 
Halbrecht** have reported on _ the 
serum bilirubin of full-term infants, 
and Findlay’® has investigated bili- 
rubin levels in a few premature in- 
fants. Findlay agrees with Smith’s 
clinical impression that physiological 
jaundice is more prolonged and more 
severe in premature infants.** 

In their investigation of jaundice in 
normal newborn babies, Fashena®® and 
Wexler and Wiener®® showed that 
physiological icterus was unrelated to 
differences between baby and mother 
in respect to their blood groups. 
Serum bilirubin levels in erythro- 
blastosis have been reported by Hal- 
brecht?* who showed elevation of cord 
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serum bilirubin levels in ‘‘icterus pre- 
eox,’’ and Mollison? who obtained in- 
creased levels in infants with Rh in- 
compatibility. 

The present study was undertaken 
to obtain data with regard to the range 
of cord serum bilirubin levels and the 
range of daily bilirubin levels in full- 
term infants, premature infants, and 
infants with erythroblastosis fetalis. 


MATERIALS AND METHODS 


The clinical material consisted of in- 
fants seen at the Beth Israel Hospital, 
the Boston Lying-in Hospital, and the 
Children’s Medical Center, 
The normal infants were delivered at 
term, weighed more than 2,500 grams 
at birth, and were selected at random. 
The premature infants included those 
who weighed less than 2,250 grams at 
birth regardless of the gestational age; 
these were consecutive cases. The in- 
fants were classified by the Blood 
Grouping Laboratory of the Children’s 
Medical Center as follows: (1) ‘‘com- 
patible’’-—no A, B, or Rh incompati- 
bility between infant and mother; (2) 
‘‘ineompatible’’—A or B_ incompati- 
bility between infant and mother with 
no evidence of erythroblastosis in the 
infant; (3) erythroblastosis—definite 
evidence of hemolytic disease in the 
infant and sensitization in the mother. 


Boston. 
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(The erythroblastotie infants were not 
but had somewhat higher 
average bilirubin levels than would be 
seen in a random group since only the 
more severe cases are referred to the 
hospital. ) 

The serum bilirubin levels were de- 
termined by the method of Hsia, Hsia, 
and Gellis®® from capillary blood using 
either 0.05 or 1.0 e.e. With 
this method, it was possible to obtain 


selected, 


of serum. 
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one-minute reading was omitted be- 
cause it has been found to be within 
normal limits in physiological jaun- 
dice and in erythroblastosis. 
RESULTS 

Table I shows the average, the maxi- 
mum, and the minimum bilirubin lev- 
els in cord blood (1) full-term 
compatible infants, (2) full-term in- 
compatible infants without evidence of 


of : 


CORD SERUM BILIRUBIN LEVELS 
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Fig. 1.—Each “X" represents the cord serum bilirubin level in a single baby with erythro- 
blastosis Each “O” represents a single normal baby. (From Hsia, Allen, Gellis, and 
Diamond: New England J. Med. 247: 668, 1952.) 
satisfactory samples at frequent inter- sensitization, (3) premature compat- 
vals without undue trauma to the in- ible infants, and (4) infants with 


fant. Determinations were done daily 
on full-term infants for five days and 
on premature infants until the biliru- 
bin level fell below 2 mg. per cent. Al- 
though both the one-minute and total 
serum bilirubin may be done satisfac- 
torily with the method employed, the 





erythroblastosis fetalis. There is no 
significant difference between the lev- 
els of the compatible and incompatible 
full-term infants. The premature in- 
fants appear to have somewhat lower 
levels than the full-term infants, but 
the series is too small to make the dif- 
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ference significant. The infants with 
erythroblastosis have an average level 
considerably higher than that of nor- 
mal infants. However, if examined in 
terms of specific values, there is some 
overlapping between the two groups 
as shown in Fig. 1. 


TABLE I. 


LEVELS IN NEWBORN INFANT 279 


Tables II and III show the daily 
serial bilirubin determinations in full- 
term compatible and incompatible in- 
fants (all normal). It ean be seen 
that there is no significant difference 
between these two groups. In both 
groups, the peak of serum bilirubin 


ToTaL BILIRUBIN LEVELS IN CorD BLOOD SERUM IN VARIOUS GROUPS OF INFANTS. 


THE VALUES ARE EXPRESSED AS MILLIGRAMS PER 100 c.c. SERUM 














| AVERAGE | MAXIMUM | MINIMUM 
$5 normal full-term ‘‘compatible’’ infants 1.8 3.9 0.9 
44 normal full-term ‘‘incompatible’’ infants 2.0 5.9 0.2 
9 premature infants 1.3 2.9 0.0 
34 infants with erythroblastosis fetalis 5.1 10.3 2.1 
































TaBLE II. Datty Toran SERUM BILIRUBIN LEVELS IN FULL-TERM ‘‘COMPATIBLE’’ INFANTS. 
VALUES ARE EXPRESSED AS MILLIGRAMS PER 100 c.c. SERUM 
| CORD | | BLOOD GROUPS 

BABY BLOOD 1 DA, | 2DA, 3 DA. 4 DA. 5 DA, MOTHER | BABY 
Sim 1.6 7.4 (20) 12.4 13.2 12.3 9.5 AB A 
Man 2.5 6.9 (21) 10.3 9.2 7.2 4.7 O oO 
Way 2.0 5.0 (17) 7.9 10.2 6.7 4.3 oO Oo 
Sma 2.4 6.8 (14) 8.9 9.7 7.3 6.4 A A 
Gol 3.2 7.3 (31) 7.3 9.6 6.9 4.6 A A 
Kra 1.8 sali 7.9 (49) 7.4 5.8 4.6 AB A 
Bra 1.5 4.9 (25) 6.9 5.6 5.2 3.2 Oo Oo 
Pen 1.4 5.2 (29) 6.0 3.8 1.7 1.5 O Oo 
Edw 3.1 5.2 (31) 6.0 5.0 2.7 2.2 Oo oO 
Bah 1.8 6.2 (24) 3.1 1.8 1.0 ein A A 
Gra 2.2 4.0 (18) 4.4 3.6 1.5 0.9 B O 
Ros 2.5 3.4 (19) 4.1 0.6 0.0 pum Oo Oo 
Average 2.2 5.7 7.1 6.6 4.9 

bilirubin 

Average age (hr.) 23 47 71 95 

Figures in parentheses indicate age of the infant when the first postnatal sample was 
drawn. Subsequent samples were always taken at twenty-four-hour intervals. 


TABLE III. Darty ToTaLt SeRuM BILIRUBIN LEVE 


LS IN FULL-TERM ‘‘ INCOMPATIBLE’’ INFANTS. 


VALUES ARE EXPRESSED AS MILLIGRAMS PER 100 c.c. SERUM 




















eum l | BLOOD GROUPS 

BABY BLOOD Ipa. | 2pa. | 3DaA. 4DA. | 5DA, MOTHER | BABY 
Sim 2.5 5.2 (14) 7.9 10.9 11.9 10.6 O A 
Aro — | <_< 11.6 (44) 11.6 9.8 8.4 O A 
Dar 2.5 10.4 (34) 9.5 6.1 4.4 2. O B 
Rob 1.9 8.1 (27) 9.2 9.3 7.1 3.1 oO A 
Har am 7.2 (13) 7.6 5.7 3.3 3.5 Oo A 
Tra 1.1 6.1 (23) 7.6 5.1 1.2 _ B AB 
Kap eel) il clean 6.9 (46) 5.6 5.2 1.5 O B 
Fri 2.0 4.6 (32) 5.4 6.4 4.4 3.2 A AB 
Lev 0.6 5.0 (13) 5.2 4.0 2.3 _ oO B 
Abr 1.2 4.0 (24) 3.8 3.2 1.8 0.3 oO A 
Kan 1.2 2.9 (24) 3.3 1.4 1.5 _ oO B 
Spe oon 3.0 (18) 0.0 0.0 1.2 oo oO A 
Average 2.0 5.7 6.5 5.8 4.5 

bilirubin 46 
Average age (hr.) 22 70 94 





Figures in parentheses 
drawn. 





indicate the age of the infant when the first postnatal 
Subsequent samples were always taken at twenty-four-hour intervals. 


sample was 








‘S[BAJOJUL ANOY-INOJ-AJUAM}) JE UMBIP SABMV B10M solduESs 


juenbesqns “UMBIP a10M sajdues [eyeuysod UseYyYM jJuURJUL ay} JO ae 9Yy} 2}PBO!pPUl SeseyQUeIvd UT SseunSy 49YyIQ “poolq paood seylusis (9) 





86 o¢ 0G (14) O38 eSvi0ay 
UoT}BIsSeT JO SYOOM JE UBYy 


atl aT Ssel S}uvzUI eanjemoid [][ ees0ay 


(ay) 038 odvs90ay 
suBis ocz‘s 
tc roa | Japun sjunjur oanjeuoid cL odBisay 

(TE) 00 (0) 00 OFZS I OV 
(62) 6 (c) 60 eclz IG | 
(Te) ST (1) ¥°0 CIs uo(] 
oa) UF — Cgiz uot 
(C3) 6L (0) LT CLOG aH 
(0) 00 006T yey 
(0) 6 CSc qeaM 
(0) CLtI as] 
(0) Cl0s elgg] 
09ST OM 
cIsI pny 
(O) Ul OFZS 018 
($) TS OFOT 104) 
(0) 33 O£cT 1dg 
(Oo) Ul C10Z udH] 

HL4UId ,, (*"WwD) 

LH OTM 


~DIATRICS 


PF 


OF 


Ul 
tl 


= 
Z. 
~ 


THE 


Koawg ‘oro Yad SWVUDITIL SV Gassaudxy ayy San IVA 
‘“SLNVAN] SYOQLVNGYG NI SNOLLVNINNSLIAG NIGOUIgG WaAyag IvLO], ATIVG ‘AT 3TAvV] 











HSIA ET AL,: 


occurred, on the average, at about 2 
days of age. 

Table IV gives the data on fifteen 
premature infants. There is little dif- 
ference between the premature group 
and the full-term infants with regard 
to serum bilirubin levels of the first 
and second days of life. However, the 
peak bilirubin of the premature in- 
fants oeeurs, on the average, on the 
fourth day of life in contrast to the 
peak bilirubin of full-term infants 
which occurs at two days. Bilirubin 
values in premature infants on the 
third, fourth, or fifth day of life are 
sometimes far above the range seen in 


TABLE V. SERUM 
EXCHANGE TRANSFUSION. 
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much higher than in normal infants 
and that the average age at which the 
maximum level is reached is less than 
There is no doubt that the 
subsequent course of the bilirubin level 


two days. 


is greatly modified by exchange trans- 
fusion. Unfortunately, we have al- 
most no data on the daily changes in 
serum bilirubin in infants with eryth- 
roblastosis not treated by exchange 
transfusion. 

Table VII summarizes the raw data 
given in the previous tables and per- 
mits comparison of each group of in- 


fants with the others. 


BILIRUBIN DETERMINATIONS IN INFANTS WITH ERYTHROBLASTOSIS BEFORE 
In Eacu CASE, THE BLOOD SAMPLE WAS DRAWN IMMEDIATELY 
Prion TO THE EXCHANGE TRANSFUSION 








MAXIMUM MINIMUM 


AGE OF BABY | 
(HR. ) NO. OF INFANTS | (MG. %) (MG. %) (MG. %) 

VL 28.6 0.77 

7-12 5 12.40 27.1 2.05 

13-18 17 12.50 25.5 4.12 
19-24 16 16.70 57.2 5.86 
25-36 11 18.80 28.6 8.48 
37-48 l 15.10 one ee 
49-60 3 33.70 48.6 22.00 
61-72 2 30.20 31.3 28.90 


These high 
values are in the range seen in infants 
with the hyperbilirubinemia of eryth- 
The data also sug- 
gest that immaturity in terms of gesta- 
tional age is more important than the 
size of the baby in determining hyper- 
bilirubinemia. 


normal full-term infants. 


roblastosis fetalis. 


Table V shows bilirubin levels in in- 
fants with erythroblastosis. In each 
ease, the sample was taken shortly 
after admission to the hospital and 
just prior to an exchange transfusion. 


Table VI shows daily bilirubin lev- 
els in a number of infants with eryth- 
roblastosis who were treated by ex- 
change transfusion. 
that the levels in 


It ean be seen 
these infants are 





DISCUSSION 


These studies demonstrate once 
again that increase of serum bilirubin 
occurs in the first day or two of life 
in most babies, though not in all. It 
is now accepted by most observers that 
this ‘‘normal’’ increase is at least in 
part the result of the failure of the 
infant to dispose of bilirubin during 
this period. The data confirm the pre- 
vious reports®’** that physiologic 
hyperbilirubinemia is not caused by 
blood group incompatibility, but oe- 
curs in full-term babies, and more 
often in premature babies, irrespective 
of the blood groups. 

The prolonged elevation of bilirubin 


in premature compatible infants con- 
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firms the clinical impression that jaun- 
dice occurs more frequently and with 
greater severity than in full-term in- 
fants. This supports Weech’s'’” ** con- 
cept that physiological jaundice is pri- 
marily a reflection of hepatic imma- 
turity. Although the rate of red cell 
destruction in the premature infant 
in the first week of life is not definitely 
known, it is not thought to be greater 
than in full-term infants.2* The pro- 
longed icterus must, therefore, be re- 
lated to the functional immaturity of 
the liver in the premature infant as 
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might speculate that the occurrence of 
kernicterus in premature infants with- 
out erythroblastosis reported by Zuel- 
zer** and Aidin®® may have been the 
result of high serum bilirubin in those 
infants. If so, exchange transfusion 
might be used in the prevention of 
kernicterus in premature infants who 
develop very high levels of serum bili- 
rubin. 

In erythroblastosis, there is added to 
the normal inability of the infant to 
dispose of bilirubin an increased rate 


TABLE VII. AveRAGE SERUM BILIRUBIN IN VARIOUS GROUPS OF INFANTS, SUMMARIZING DATA 
in TABLES II, ITI, IV, AND VI. VALUES ARE EXPRESSED AS MILLIGRAMS PER 100 c.c. SERUM 











cORD | 


| 





fants under 
2,250 grams 
11 premature in- 1.2 6.7 (26) 9.6 
fants of less 
than 37 weeks’ 
gestation 
12 infants with 5.0 16.5 (23) 15.5 
erythroblastosis 
with exchange 
transfusion 


BLOOD | 1 DA. | 2 DA, 3 DA, 4 DA. MAXIMUM 
12 normal -‘com- 2.2 5.7 (23) 7.1 (47) 6.6 (71) 4.9 (95) 7.9 (53) 
patible’’ infants 
12 normal ‘‘in- 2.0 5.7 (22) 6.5 (46) 5.8 (70) 4.5 (94) 7.4 (47) 
compatible’’ in- 
fants 
15 premature in- 1.3 5.4 (27) 8.1 (51) 10.7 (75) 11.2 (99) 12.4 (85) 


(50) 13.2 (74) 14.2 (98) 15.3 (94) 


(45) 10.9 (68) _ 18.6 (34) 





demonstrated by Obrinsky”’ with sul- 
fobromophthalein studies. The simi- 
larity between the bilirubin levels in 
premature and mature infants during 
the first two days suggests that the 
fundamental mechanism is the same in 
hoth groups, but that it persists longer 
in premature infants. The high levels 
seen in some premature infants on the 
third, fourth, and fifth days of life are 
equal to the levels usually seen in 
erythroblastosis and exceed what ap- 
pears to be the minimum safe level 
with respect to kernicterus.** One 











Figures in parentheses represent average age in hours. 


of blood destruction, and large amounts 
of bilirubin accumulate. This results 
in a rapid rise of indirect bilirubin in 
the serum of such infants and, in many 
of them, concentrations that are rarely 
if ever attained in any other clinical 
condition. The data do not support 
the commonly held hypothesis that in- 
fants with erythroblastosis have at 
birth functional damage to their livers 
as a result of the disease process. This 
group of twelve erythroblastotic ba- 
bies, who were treated by exchange 








284 THE 
transfusion, began to clear their bili- 
rubin at least as quickly as did nor- 
mal babies without erythroblastosis 
(Table VII). 

It is obvious that the determination 
is of considerable 
the 
Levels above 3 mg. per cent in 


of serum bilirubin 


diagnostic value in neonatal pe- 
riod. 
the cord blood usually mean erythro- 
blastosis, and levels above 6 mg. nearly 
always do, although levels below 3 mg. 
per cent do not necessarily rule it out. 
the 


first twenty-four hours of life are seen 


Levels above 10 mg. per cent in 
in most eases of erythroblastosis, and 
are seen but rarely in other infants. 
Serum bilirubin above 10 mg. per cent 
in the first twenty-four hours is not 
even in 


physiological premature in- 


fants. The same can be said for defi- 
nite jaundice of the skin noted during 
the first twenty-four hours of life. In 
the 
measurements of 


treatment of  erythroblastosis, 


serum bilirubin are 
of great value since they appear to in- 
dicate the prognosis so far as kernie- 
terus is concerned” * and allow a ra- 
tional use of exchange transfusion in 
the prevention of kernicterus. 

Four of the twelve cases of erythro- 
Table VI 
eaused by maternal antibodies against 
blood group A in Group A infants. 
So far as we have been able to deter- 


blastosis shown in were 


mine, serum bilirubin is as valuable 
in the diagnosis and prognosis of 
erythroblastosis by the anti- 
bodies anti-A or anti-B as it is in the 
eases of Rh incompatibility. Actually, 


it is relatively more valuable at the 


-aused 


present time owing to the fact that 
the serological tests which are so re- 
liable in Rh incompatibility are so dif- 
ficult to interpret in ABO incompati- 
bility. 
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SUMMARY 


1. Cord bilirubin levels of full-term 


‘‘eompatible,’’ full-term ‘*inecompat- 


ible,’’ and premature infants are es- 
sentially the same. The average cord 
bilirubin level of infants with erythro- 
blastosis is more than double that of 
infants without erythroblastosis and a 
level above 5 mg. per cent is strongly 
suggestive of this disease. 

2. Normal infants usually show a 
rise of bilirubin during the first day 
of life, but infants with erythroblasto- 
sis show a marked elevation during 
this period. 

3. Normal full-term 
their peak elevation of 
about two days of life, whereas the 
peak bilirubin of premature infants is 
attained on the fourth day of life, on 
the The peak elevation of 
bilirubin of infants not 
only oceurs later than that of full-term 
infants, but reaches higher levels, con- 
firming the clinical impression that 
physiological jaundice is more severe 
and more prolonged in the premature 
infant than in the full-term infant. 


infants reach 


bilirubin at 


average. 


premature 


4. In this series, infants with erythro- 
blastosis, treated by exchange transfu- 
sion, have their bilirubin peak during 
the second day of life, on the average. 
Exehange transfusion greatly modifies 
the bilirubinemia in these infants. A 
level of serum bilirubin above 10 mg. 
per cent during the first twenty-four 
hours of life, or the appearance of skin 
icterus during this period, must be 
considered due to erythroblastosis un- 
til proved otherwise. 

5. Determinations of the level of 
serum bilirubin during the first two 
days of life are of great diagnostic 
value with respect to erythroblastosis, 
particularly in eases caused by ABO 
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incompatibility. They are of even 
greater value as a therapeutie guide in 
the use of replacement transfusion. 


The authors wish to acknowledge the 
technical assistance of Hsio-Hsuan Hsia and 
Patricia Keith. 
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PARATHION POISONING 





IN CHILDREN 





J. Monte Jounston, M.D. 
WENATCHEE, WASH. 


T LEAST ten deaths have been re- 
ported in this arising 
from the careless handling of the or- 


country 


ganic phosphate _ insecticide, 
thion.*** ®° These deaths 
curred in adults engaged either in the 
manufacture of the chemical or in its 
use in the field for agricultural pur- 
(An the 
is found in a report by the 


para- 
have oe- 


poses. excellent review of 
subject 
Council on Pharmacy and Chemistry 
in the Journal of the American Medi- 
cal Association.®) It is the purpose of 
this paper to present the case history 
of an accidental death of a child due 
to parathion. Other instances of poi- 


soning in children also are presented. 


HISTORY 


World War II, 


scientists engaged in a search to find a 


During German 


substitute for nicotine which was un- 


available to them because of war. 
These scientists developed an organic 
phosphate which they named 


‘‘Bladan’’ and which proved to be 
more efficient than the nicotine alka- 
loid in controlling aphids, mites, and 
other insect pests. American research 
chemists discovered that the active in- 
gredient in the German product was 
tetraethy] (C.H;0), 
P.O,. The formula for parathion was 
discovered in the I. G. Farbenindustrie 
files by British and American intelli- 
The chem- 
for com- 


pyrophosphate, 


gwence teams after the war. 


ical was first manufactured 


mercial use in this country in 1948,’ 


Center, 
Security 


Disease 
Federal 


Communicable 
Health Service, 


From the 
Public 
Agency 
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having received extensive field study 
during the preceding year. 


THE AGRICULTURAL USE OF PARATHION 


Parathion is a multipurpose insecti- 


cide accepted for labeling by the 
United States Department of Agricul- 
ture for use against many insects 


which damage crops. It is used in 
areas where the following crops are 
fruit, 
bacco, alfalfa, cereal grains, hops, nuts, 


grown: vegetables, cotton, to- 
berries, and in many areas it is used to 
control insects on ornamental plants. 
The this is wide- 
spread. 

Because of the extreme toxicity of 
parathion, it is not available for use 
It is com- 


use of insecticide 


in its pure technical form. 
mercially available as a 25 per cent 
emulsion or water-wettable powder or 
dust. The farmer or commercial ap- 
plicator reduces the 25 per cent mate- 
rial to a formulation usually varying 
from 0.001 to 5 per cent by adding 
water or inert materials such as clay. 
The final strength of the material ap- 
plied depends upon the method of ap- 
plication and the insect the farmer is 
trying to control. 


THE CHEMISTRY OF PARATHION 


Technical parathion contains 95 per 
cent or more of the pure chemical, 
0,0-diethyl-0-p-nitrophenyl —thiophos- 
phate. The chemical is an ester of 
thiophosphorie acid, having the em- 
pirieal formula C,,H,,NO;PS. This 
compound is only slightly soluble in 
water, but is completely miscible in 
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organic solvents such as alcohol, ethers, 
and animal and vegetable oils. It is 
stable to hydrolysis in water and in 
acid solutions. 


TOXICOLOGY OF THE ORGANIC 
PHOSPHATES 

The toxicity of the organie phos- 
phates can best be explained by their 
destruction of the cholinesterase en- 
zymes of the nervous system, and, in- 
cidentally, of other tissues, thereby 
allowing the nervous tissue to aeecumu- 
late an excess of acetylcholine. Aec- 
cording to the most accepted theory, 
acetylcholine is the actual mediator of 
nerve impulses at pre- and postgang- 
lionie parasympathetic endings, at the 
preganglionic sympathetic endings, at 
a few postganglionic sympathetic end- 
(sweat glands, uterus, certain 
vasodilators), at the myoneural june- 
tion, and perhaps in parts of the cen- 
tral nervous system.? An excess of 
acetylcholine (either as a result of in- 
jection or as the result of accumula- 
tion caused by a deficiency of cholin- 
esterase) causes the same effects as may 
be seen following stimulation of para- 
sympathetic nerves. 

It has been estimated from results 
obtained in animal experimentation 
than the lethal oral dose of technical 
parathion in a man weighing 70 kilo- 
grams would be in the range of 12 to 
20 mg. The acute oral toxicity of 
parathion is approximately 70 times 
that of DDT. 

The organic phosphates are readily 
absorbed through the skin, the con- 
junetiva, and the respiratory and the 
gastrointestinal tracts. 


ings 


SIGNS AND SYMPTOMS SEEN IN ORGANIC 
PHOSPHATE POISONED INDIVIDUALS 
For descriptive purposes, the symp- 

toms of organic phosphate insecticide 

poisoning may be conveniently classi- 
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fied, depending on whether they re- 
semble the symptoms caused by the 
drug musearine, symptoms caused by 
the drug nicotine, or symptoms caused 
by a general dysfunction of the central 
nervous system. During the early 
phases of intoxication, the muscarinic 
symptoms are manifest. In more se- 
vere poisoning, all the signs and symp- 
toms may be observed. 


I. Muscarinic 


A. Gastrointestinal: anorexia, nausea, 


vomiting, abdominal cramps, diar- 


rhea, tenesmus, substernal pressure 
suggestive of cardiospasm. 
B. Glands 
1. Sweat glands: increased sweat- 
ing to profuse diaphoresis. 
2. Salivary glands: increased sali- 
vation. 
3. Lacrimal glands: increased 
lacrimation. 
C. Heart and Peripheral Vascular Sys- 
tem: inereased blood pressure, in- 
creased pulse rate, palpitation, flush 
ing of the skin. 
bronchospasm 


D. Respiratory System: 


giving ‘‘tightness of the chest,’’ 


asthmatic-like breathing, increased 
bronchial secretions. 
E. Pupils: myosis, pin-point pupils, dim- 
ness of vision. 
F. Ciliary Body: blurring of vision. 
G. Bladder: frequency, involuntary mic- 
turition. 
II. Nicotinic 
A. Muscles 
1. Muscular fasciculations, 
cially of the eyelids. 
2. Muscle cramps, especially of the 
legs. 
3. Weakness. 
4. Muscular 
III. Central Nervous System 
A. Restlessness, anxiety, giddiness, drow- 
siness. 
B. Headache: 
by analgesics. 


espe- 


incoordination. 


severe and not relieved 
C. Slurred speech. 

D. Mental confusion. 

E. Visual distortions. 

F. Convulsions. 

G. Coma. 
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TREATMENT OF ORGANIC PHOSPHATE 


POISONING 


These patients are medical emergen- 
cies. The clothes should all be removed 
and the patient thoroughly serubbed 
with soap and water. Gastrie lavage 
should be done if there is suspicion 
that the patient swallowed the poison. 
Atropine is the best antidote available. 
Keep the patient fully atropinized if 
symptoms appear. These poisoned pa- 
tients can tolerate more atropine than 
the Never give mor- 


normal person. 


phine. If pulmonary secretions have 


accumulated, a suction apparatus as 
well as a tracheotomy set should be 
available. In patients with severe re- 
spiratory symptoms, the regime used 


for patients with bulbar poliomyelitis 


may be indicated. Complete recovery 
may be obtained even after many 
hours of artificial respiration have 
been necessary. Medication must be 


continued during the entire emergency 
which may last as long as twenty-four 
to forty-eight hours. 

The diagnosis of organie phosphate 
poisoning rests upon the history of ex- 
posure, the symptoms exhibited, and 
the chemical determination of the en- 
zyme cholinesterase. 


THE CHOLINESTERASE TEST 
the 


red blood cells and the plasma can be 


The cholinesterase activity of 
determined. The analytical procedure 
depends upon a quantitative measure- 
ment of the acid produced by the ae- 
tion of cholinesterase on acetylcholine. 
The acid production can most conven- 
iently be measured according to the 
method of Michel.’ 
system, the cholinesterase value is ex- 


According to this 


pressed as a change in pH units per 
buffered solution under 
specified conditions. 


hour of a 








OF PEDIATRICS 


The plasma cholinesterase of normal 
adults may vary from 0.4 to 1.6 units, 
and the red blood cell values may vary 
from 0.4 to 1.0 unit in the nonexposed 
individual. The average red blood eell 
cholinesterase level observed in groups 
tested to find a mean has been found 
by various investigators to be in the 
0.7 unit, and the 
plasma cholinesterase to be slightly 
higher, 0.8 to 0.9 unit. 
cholinesterase in the nonexposed in- 


neighborhood of 
The plasma 


dividual usually is higher than the red 
blood cell value. A cholinesterase level 
below 0.5 unit 


or plasma fraction is highly suggestive 


in the red blood cells 


of organie phosphate intoxication in 
an exposed individual. <A 
terase level below 0.3 unit in either the 
red blood cells or plasma is probably 


cholines- 


diagnostic of organic phosphate intox- 
ication provided the patient has not 
been taking other cholinesterase-inhib- 
iting drugs, such as eserine or prostig- 
mine, or does not have a liver disease 
which could lower the cholinesterase 
produetion.* 

The test is exceedingly useful in fol- 
lowing a case of organic phosphate 
poisoning. The plasma cholinesterase 
recovers more rapidly following poi- 
soning than the red blood cell cholin- 
esterase. The red blood cell cholin- 
esterase usually returns to a normal in 
from six weeks to two months. 

Most 
equipped to do the cholinesterase test. 
The United States Public Health Serv- 
ice laboratories in Wenatchee, Wash. 
(Post Office Box 73), and at Savannah, 
Ga. (Post Office Box 769) are expe- 
rienced with the procedure. A list of 
other laboratories able to do the test 
has been compiled by the American 
Cyanamid Company (30 Rockefeller 
Plaza, New York, N. Y.). The differ- 
ent laboratories prefer samples pre- 


clinieal laboratories are not 

















JOHNSTON : 


pared in slightly different ways, and 
interested should make 
specifie inquiry to the laboratory of his 
However, in emergency, any 
laboratory should be able to make a 
useful test on 3 ¢.c. of oxalated, cit- 
rated, or better, heparinized blood 


any person 


choice. 


shipped under refrigeration by the 
fastest route. 
CASE HISTORIES 
Case 1—L. D. N., a 9-month-old 


white female infant, just prior to noon 
of Sept. 21, 1951, while playing in her 
yard, discovered a can containing a 
pasty mixture of parathion and DDT 
which her father had discarded ap- 
proximately one week previously. 
(Chemical analysis of this paste after 
a quantity of its water had evaporated 
showed it contained 38 per cent para- 
thion; the DDT content was not de- 
termined.) The infant played with 
the can and undoubtedly transmitted 
some of the paste into her mouth. 
After the parents discovered her, she 
was bathed, her mouth was washed 
out, and she was put to bed. She slept 
restlessly for about one hour, then 
awoke screaming and shivering. In 
view of these symptoms and recalling 
the exposure to parathion and DDT, 
the parents called the family physician 
who advised that the child be taken 
to the hospital where she was admitted 
at 5:30 p.m., Sept. 21, 1951. 

The nurse reported that the patient 
was restless, irritable, and erying when 
she was admitted to the emergency 
room. A stomach lavage was done im- 
mediately and 1/300 grain of atropine 
was administered hypodermically. At 
5:45 p.m. the infant was removed to 
the children’s ward, at which time the 
pulse rate was 128 per minute and the 
temperature was 99.4° F. She was 
next given a soapsuds enema and one 
dram of milk of magnesia. She was 
then given elixir of phenobarbital to 
stop her violent crying. By 7:30 p.m. 


a considerable amount of mucus was 
forming in the bronchi, and nasal sue- 
tion was used followed by a second 
The 


dose of 1/150 grain of atropine. 
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cyanosis deepened and respiration be- 
eame very shallow. The patient be- 
came comatose. Artificial respiration 
and oxygen were started, but at 8:00 
P.M., ten minutes after respiratory 
failure, cardiac action stopped. One- 
third ecubie centimeter Adrenalin in- 
jected into the heart had no effect. No 
cholinesterase test was done. 


Case 2.—C. W., a 24-year-old white 
boy, on Oct. 10, 1951, while playing 
with his sister, found four sacks which 
contained a 25 per cent water-wettable 
powder parathion. The sister was 
found dumping the powder over the 
boy’s head. It was estimated that the 
two children were in contact with the 
material for at least one-half hour. 
There was no evidence on discovery 
that the boy had taken any of the 
powder into his mouth. About one-half 
hour after the children were discov- 
ered, the boy began to vomit. The 
mother, who was cognizant of the ex- 
treme danger of this material, tele- 
phoned her pediatrician who advised 
immediate hospitalization. On the 
way to the hospital the boy vomited 
again. He was admitted to the clinic 
and atropinized there. He was then 
transferred to the hospital for obser- 
vation. Physical examination of the 
child was entirely negative except for 
tachyeardia. He was discharged from 
the hospital the following day, about 
thirty-one hours after his exposure to 
parathion began. Blood cholinesterase 
values are given in Table I. 


Case 3.—S. W., a 5-year-old white 
girl, is the sister of the boy in Case 2. 
This girl.had no symptoms but was 
hospitalized for observation and was 
atropinized. The physical examina- 
tion of the girl was negative. She was 
discharged with her brother. Blood 
cholinesterase values are given in 
Table I. 


Cases 4 and 5.—D. D. and R. D.: 
Case 4 is a 23-month-old white male 
and Case 5 is a 3-year-old white male, 
the brother of Case 4. D. D. was seri- 
ously poisoned while R. D., was not 
poisoned. This discussion concerns 
D. D. specifically and R. D. only in 
passing. 
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D. D. a 23-month-old white male, 
after his lunch on Sept. 9, 1952, while 


playing with his brother, aged 3 years, 
diseovered a can of parathion (25 per 
cent liquid emulsion) in the basement 
of their home. The older child opened 
the can and the two of them started 
dumping dirt into it. After but a 
short time, they were discovered by 
their mother who immediately washed 
them off and put them to bed for their 


naps. This was approximately 2:00 
p.M. The mother states that she was 
not sure whether they had contam- 


inated their skin with the insecticide. 

After an hour, the youngest, D. D., 
awakened exhibiting the following 
symptoms: myosis, wheezing, and his 
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OF 


the results were reported; red blood 


cell cholinesterase 0.05 unit and 
plasma 0.09 unit. His brother, who 
exhibited no symptoms, was also 


sampled and his results at the same 
time were: red blood cells 0.65 unit 
and plasma 1.15 unit. He was not ad- 
mitted for observation because his 
cholinesterase test ruled out the possi- 
bility of serious poisoning. 

The younger boy was treated with 
atropine as follows: 1/300 grain every 
four hours during the first twenty-four 
hours and then discontinued, to be re- 
started only if he redeveloped his mus- 
earinic symptoms. Twenty-four hours 
after exposure he was asymptomatic 
and remained so. A blood test run for 


TABLE I. SUMMARY OF THE Five CASES SHOWING ExPposuRE, SYMPTOM DEGREE, AND BLOOD 
CHOLINESTERASE LEVEL 
CHOLINESTERASE VALUES 
PARATHION | PH HR. 
CASE EXPOSURE FORMULATION) SYMPTOMS DATE HOUR | R.B.C.|PLASMA 
1. L. D. N. Probable oral 38% paste ~~ nT. a ne | eaniie 
Known dermal 
2c W. Doubtful oral 25% dust Moderate 10/10/51 12:00 0.18 0.12 
Known dermal 10/11/51 15:00 0.28 0.25 
1/16/52 11:00 0.51 0.72 
. Ss. W. Doubtful oral 25% dust None 10/10/51 12:00 0.59 0.83 
Known dermal 1/16/52. 11:00 0.57 0.93 
cn Doubtful oral 25% liquid Severe 9/ 9/52 19:30 0.05 0.09 
Known dermal emulsion 9/16/52 19:20 0.19 0.26 
5. R. D. Doubtful oral 25% liquid None 9/ 9/52 19:30 0.65 1.15 
Doubtful dermal emulsion 
eyes ‘‘appeared to be glassy.’’ The cholinesterase taken twenty-four hours 


family doctor was called and advised 
immediate hospitalization. They ar- 
rived at the clinic at approximately 
4:00 p.m., and the younger was given 
1/150 grain of atropine and _ trans- 
ferred to the hospital. A gastrie lav- 
age was immediately done. By this 
time the boy was exhibiting both the 
muscarinie symptoms previously men- 
tioned and moist rales in his chest, as 
well as the nicotinic symptoms, mus- 
cular twitching, tremors, and muscular 
incoordination. 

By 5:00 p.m. the boy was atropin- 
ized and the musearinie symptoms had 
disappeared. On physical examina- 


tion his eyes were dilated, his chest 
was clear and his face was well flushed. 
The nicotinic symptoms remained. 
Blood was drawn on admission for 
the cholinesterase test. 


At 7:30 P.M. 





after poisoning showed a red blood cell 
cholinesterase value of 0.19 unit and 
plasma value of 0.26 unit. He was dis- 
charged from the hospital the follow- 
ing noon, Sept. 11, 1952. 


DISCUSSION 
children 
with a 


five 
each 


The ease histories of 
have been 


known exposure to the organie phos 


presented, 


phate, parathion. 

In Case 1 it was not possible to ob 
tain blood for the cholinesterase test. 
Studies on adults with severe para- 
thion poisoning exhibiting comparable 
symptomatology have shown almost a 
total loss of blood cholinesterase ac 
tivity. Case 4, with symptoms not as 
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severe, showed an almost total loss of 
the enzyme. This child received an 
overwhelming dose of parathion with 
known dermal exposure as well as 
probable oral exposure. 

Case 2 had an intermediary expo- 
sure. The cholinesterase activity in 
this boy was markedly depressed. His 
exposure was most likely exclusively 
dermal. 

Case 3 had less exposure with ab- 
sorption of the poison through the 
skin of her hands and forearms only. 
She showed a slight depression of her 
plasma cholinesterase activity. 

Case 4 exhibited both the muscarinic 
and nicotinic symptoms of parathion 
poisoning. The atropine controlled 
the former and failed to control the 
latter. Although the mother did not 
know whether the skin of the boys was 
contaminated with the parathion emul- 
sion, the cholinesterase test in the 
younger child clearly established the 
diagnosis of severe organic phosphorus 
insecticide poisoning and ruled out 
serious poisoning in the older boy. The 
second test drawn twenty-four hours 
following exposure showed a marked 
regeneration of the enzyme in the 
younger patient. Prompt treatment 
with atropine probably saved the 
child’s life. 

Case 5 may have had only a very 
slight exposure and he showed no 
symptoms. The cases are summarized 
in Table I. 

It should be noted that the strength 
of the parathion to which these chil- 
dren were exposed was far greater 
than that of formulations actually ap- 
plied to erops. 


It must be pointed out that these 
aecidents were due to gross careless- 
The parents of these children, 


ness. 
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after living for years in agricultural 
areas, have become accustomed to the 
‘‘poison’’ label and, apparently, fa- 
miliarity has bred contempt. The or- 
ganic phosphate chemicals demand the 
respect of the clinician as well as the 
farmer. Again, the best cure of poison 
accidents is their prevention. 


SUMMARY 


1. Cases of parathion poisoning in 
children have been presented; one, a 
fatality. 

2. These accidents were due to gross 
carelessness on the part of their par- 
ents. 

3. Specific treatment is available 
and may be lifesaving if properly ad- 
ministered. 
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DOSAGE SCHEDUL 


Lewis L. Corre.t, M.D., Carmen Las 


PHILADELP 


T HAS been shown’ * * * that a new 
derivative of benzoie acid, Benemid,* 
p-(di-n-propylsulfamyl)-benzoie acid, 
effectively blocks the renal tubular 
transport mechanism for penicillin, 
phenosulfonphthalein, para-aminohip- 
purate, and para-aminosalicylie acid. 
It also inereases the excretion of uric 
acid and lowers the urie acid blood 
level. ® No toxicity was demonstrated 


by months of daily medication in dogs 


feets were completely reversible upon 
discontinuing the Benemid. 

In man, Boger and associates’ have 
shown that a dose of 2 Gm. a day in 
adults may be continued for as long as 
nine months without evidence of renal 
toxicity. Benemid has all the pharma- 
cologie actions of earinamide. How- 
ever, it does not have the drawbacks of 
the latter drug, namely, the large 
amount required—up to 24 Gm. per 
day in the adult, which has to be given 
in divided doses every four hours, 
fairly frequent gastrie distress on full 
dosage, ability to induce sensitivity as 
manifest by cutaneous rashes, and ex- 
cretion as a sodium salt which removes 
considerable amounts of sodium from 


the body - 





From the Camden Municipal Hospital for 
Contagious Diseases and The Children's Hos- 
pital of Philadelphia (Department of Pediat- 
rics, School of Medicine, University of Pennsyl- 
vania) 

The expenses of this study were borne by 
a grant-in-aid from Sharp & Dohme, Inc. 

*Sharp and Dohme's trademark for this 
drug which has been given the generic desig- 
nation “probenecid.” 
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EVALUATION OF BENEMID P-(DI-N-PROPYLSULFAMYL)- 
BENZOID ACID 


EK IN CHILDREN 


RA, M.D., Epwarp SautzMAn, M.D., 


AnD T,. F. McNair Scort, M.D. 


HIA, Pa, 


Witrn Tecunican ASSISTANCE OF CAROLYN AXNER 


Benemid is a cheap, simple synthetic 
derivative of benzoie acid (Fig. 1) 
which is extremely stable, sparingly 
soluble in water, and almost tasteless. 
It is readily absorbed when given by 
mouth and Boger and associates’ found 
that within two to four hours the 
plasma concentrations matched those 
following intravenous administration 


of the same dose of Benemid. 


\ x_so.F \—coor 
CH,—CH,—CH; | Z 
Fig. 1.—-Benemid. 

Benemid does not appear in the 
urine and the exact mode of elimina- 
tion from the body is not known. 
Plasma levels fall somewhat more 
slowly than those of mannitol so 
presumably it is exereted only by 
glomerular filtration and reabsorbed 
by the renal tubules. Since Benemid 
is not exereted by the renal tubules, 
its blocking of tubular transport of 
penicillin cannot be explained as simple 
competition for the same transport 
mechanism. 

The action is specific. In the pres- 
ence of Benemid when tubular secre- 
tion of penicillin and PSP are in- 
hibited, the secretion of N-methyl-nico- 
tinamide continues. Also, while the 
reabsorption of both phosphate and 
urie acid is inhibited, the reabsorption 
of neither glucose nor arginine’ is af- 
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fected. The mode of action is, there- 
fore, not a nonspecific toxic effect on 
the tubule. 

Benemid destined for 
siderable 
prolonged or very high penicillin blood 
levels are desired. 


seems con- 


clinical application where 
The purpose of the 
research reported here was to deter- 
mine the optimal dose of Benemid for 
children. 
METHODS 

Afebrile convalescent or normal pa- 
tients, aged 2 months to 12 years with 
normal renal function, were selected. 
Crystalline penicillin G was given in- 
tramuseularly in single doses of 10,000 
units per kilogram of body weight. 
Capillary blood was drawn’ for peni- 
cillin levels at intervals of one-half, 
one, three, and five hours, or at one, 
two, and three hours after administra- 
After an interval of one to four 
received the 
same dose of intramuscular penicillin 


tion. 
days the same patient 


two hours after an oral dose of Bene- 
mid. Blood was drawn for penicillin 
levels as before. The serum penicillin 
concentrations expressed in units per 
milliliter of serum were plotted on semi- 
logarithmic paper. The excretion rates 
for the patients with penicillin alone, 
and penicillin with Benemid, were 
computed as constants (K, and Kz, 
respectively), and compared with the 
constant rate calculated 
theoretically for glomerular excretion 
(K;).2° From these values it 
was possible to ealeulate the percent- 
age of suppression of tubular excretion 
caused by any given dose of Benemid. 


of excretion 


alone 


Penicillin was assayed by the micro- 


method described by Hildick-Smith® 
with Staphylococcus aureus (F.D.A. 
strain 9801) as the test organism. 
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Benemid plasma levels were deter- 
mined by the methylene blue technique 
of Tillson and her colleagues." 
RESULTS 

Sixteen children received forty-eight 
injections of the standard dose of peni- 
cillin either alone or together with 
single doses of Benemid of varying 
size. When the serum concentrations 
of penicillin were plotted as just de- 
scribed, a progressive delay in the ex- 
cretion of penicillin occurred with each 
increment in the dosage of Benemid 
up to a certain maximum. A sample 
of the observations and calculations on 
one patient are shown (Table I and 


TABLE I. Patient J. M. 


“MG. BENEMID | CONSTANTS OF 








PER CENT 
PER KG. BODY EXCRETION TUBULAR 
WEIGHT RATE SUPPRESSION 
~~ O 3.0 (K,) 0 
14 1.14 (K,) 88 
27 86 (K,) 102 
41 .70 (K;) 105 
Estimate -91 (K,) 100 
complete 
suppression 


Fig. 2). The minimal dose of Benemid 
causing maximal decrease of excretion 
rate was taken as the dose causing 
complete suppression of tubular fune- 
tion. In these tests it was not deemed 
necessary to assay for penicillin until 
it disappeared from the serum. Once 
the penicillin is equilibrated in the 
body fluids the serum level falls at a 
constant rate as shown by Eagle and 
Newman.'? If it is desired, the dura- 
tion of effective serum level can be ap- 
proximated by extending the slope to 
the base line (see Fig. 2). 

Fig. 3 is a graphic summary of the 
percentage of tubular 
produced by various single doses of 
Benemid in these sixteen children. A 
dose of approximately 15 mg. per kilo- 


suppression 
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Fig. 2.—Patient J. M. Penicillin excretion curves with different doses of Benemid. Penicil! 
lin 10,000 units per kilogram of body weight intramuscularly with the amounts of Benemid 
shown. 
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Fig. 3 Percentage of suppression of kidney tubular excretion of penicillin in sixteen chi 
dren who received single intramuscular doses of penicillin together with varying oral doses « 
Benemid. The circled points indicate levels obtained in infants under 3 months of age. 
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gram of body weight caused 44 to 110 
per cent suppression, 25 mg. per kilo- 
gram produced complete suppression, 
and larger doses in most instances 
caused slightly greater than calculated 
100 per cent suppression of tubular 
funetion. The points repre- 
sent infants under 3 months of age and 
the figures obtained for them do not 


differ from those that are obtained in 


circled 
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ing. per kilogram of body weight along 
with the standard dose of penicillin. 
Of those receiving the smaller dose of 
Benemid, three showed normal clear- 
ance of penicillin, two showed flat 
curves approaching those of glomer- 
ular filtration alone, and the remainder 
fell between with an average for the 
nine children of about 40 per cent 


tubular suppression. All nine chil- 





iment 


PENICILLIN UNITS/ML SERUM 
O 
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Fig. 4.—Penicillin excretion curves in two groups of nine children who received, respectively, 
10 or 60 mg. per kilogram of body weight of Benemid two hours before intramuscular penicillin 


in a dose of 10,000 units per kilogram of body weight. 


The upper box contains all the curves of 


the nine patients who received 60 mg. of Benemid, and the lower box, all the curves of those 


who received 10 mg. of Benemid. 


the older children. Three abnormally 
low values were obtained on doses of 
Benemid greater than 30 mg. per kilo- 
gram. 

In order to approximate the optimal 
single dose of Benemid more closely, 
nine patients were given 10 mg. of 
Benemid per kilogram of body weight 
and another nine patients were given 60 





dren who received a 60 mg. dose of 
Benemid showed flat curves consistent 
with renal 
tubular secretion of penicillin. Fig. 4 
summarizes the penicillin 
slope of each group of nine children. 

While a single dose of 10 mg. per 
kilogram of body weight was sub- 
optimal in many children, it was ob- 


complete suppression of 


average 
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Fig. 5 Benemid plasma levels in six children who received 10 mg. per kilogram of body 
weight every six hours. The cross bars after sixth day indicate the last dose of Benemid. 


Plasma levels build up slowly in this dosage. 





BENEMID MGM/lO00 ML PLASMA 
e)) 








4 eotenmmeees 2 


3 6 9 be 5 6 2 
HOURS 


© 


Fig. 6.—Benemid plasma levels in five children following a single oral dose of 25 mg. 


kilogram of body weight. 
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served that children placed on repeated 
doses of 10 mg. per kilogram of body 
weight every six hours showed com- 
plete suppression of tubular secretion 


of penicillin when tested after two 


days. The slow exeretion of Benemid 
might permit cumulative effects so 


that the smaller dose when repeated 
would be adequate. When tested this 
proved to be the case. In Fig. 5 are 
shown the Benemid plasma levels on 
six children who received 10 mg. per 
kilogram of body weight every six 
hours. Benemid levels taken four hours 
after the determined 
over a period of several days. These 
show that on this dosage the plasma 
concentration inereased very slowly. At 
the end of twenty-four hours four were 
below 2 mg. per 100 ml. and all were 
below 2.5 mg. per 100 ml. On the 
third day all those tested had Benemid 
levels above 5.0 mg. per 100 ml. and 
on successive days remained between 6 
and 13 mg. per 100 ml. Benemid could 
not be detected in the plasma within 
twenty-four hours of discontinuing the 
Boger and co-workers’ have 
shown in adults that plasma levels of 
2 to 10 mg. per 100 ml. give significant 
pharmacologic effects and that levels 
of over 35 mg. per 100 ml. may lead to 
In children 


last dose were 


dose. 


nausea in some patients. 
a dose of 10 mg. per kilogram repeated 
every six hours appears to strike a 
good balance between absorption and 
exeretion and to maintain a pharmaco- 
logie blood level. However, a larger 
initial loading dose to establish the 
desired concentration quickly 
would be desirable. By inspection of 
Fig. 3 it becomes apparent that a single 
dose of 25 mg. per kilogram of body 
least amount which 


blood 


weight was the 


caused complete tubular suppression in 


This 


all but an occasional patient. 
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amount of Benemid was given to five 
children as a single dose and blood 
levels were determined at intervals of 
three, six, nine, and twenty hours. As 
shown in Fig. 6, all these children had 
Benemid plasma levels above 3 mg. per 
100 ml. within three hours. Twenty 
to twenty-one hours later the levels 
varied between 0.3 and 2.3 mg. per 100 
ml. 

As a result of these studies the 
dosage of Benemid for children below 
50 kilograms in weight would appear 
to be 25 mg. per kilogram of body 
weight as an initial dose followed by 
doses of 10 mg. per kilogram of body 
weight every six hours. For children 
above this weight the adult standards 
recommended by Boger and associates’ 
“an be used. In the clinical and labora- 
tory experience obtained in treating 
twenty children, this regimen has 
proved practical and effective in main- 
taining adequate and yet avoiding ex- 
cessively high levels. 

Among eighty-five children treated 
with Benemid, three instances of vomit- 
ing have been observed. In none of 
the children was it necessary either to 
decrease the dose or discontinue the 
drug and vomiting did not persist. 
In one _ patient 
searlet fever a transient erythematous 
rash was noted. This eruption faded 
rapidly on stopping the Benemid and 
did not recur when Benemid was given 
again one week later. No other evi- 
dences of toxicity were observed even 
though ten patients reecived large 
doses of Benemid (60 mg. per kilo- 
gram) every six hours for two weeks. 
This was six times the dose later found 
to be optimal. Urinalyses and blood 
counts in these patients remained with- 
in normal limits. Because of the ex- 
tensive and negative toxicity studies 


econvaleseing from 
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reported by others,* we did not earry 
It 


“an be expected that any substance 


out additional studies for toxicity. 


administered to a large group of peo- 
ple may result in a certain number of 
allergic manifestations. However, ex- 
perience in man so far indicates that 
Benemid has no direct toxicity and a 
very low allergenic potential. 


CLINICAL APPLICATIONS 


single indication for 


The 
Benemid is the presence of an iniec- 
tion caused by an organism which is 


greatest 


relatively resistant to all antibiotics, 
ineluding penicillin, yet susceptible to 
a greater penicillin concentration than 
ean be obtained by ordinary dosages. 
Without fre- 
queney of penicillin dosage an average 


increasing the size or 
fivefold inerease in blood level can be 
In 
one ease of staphylococcus osteomyelitis 
in a 2-year-old child the organism was 
highly resistant to all antibiotics. It 
was resistant to 100 units of penicillin 
but susceptible to 200 units. By plae- 
ing the child on oral Benemid 
1,000,000 units of intramuscular peni- 
cillin every three hours the blood level 


expected when Benemid is given. 


and 


was maintained above 200 units per 
milliliter for two weeks and the child 
recovered. In a similar case, the peni- 
cillin level was maintained above 50 
units per milliliter until reeovery from 
the infection. with 
typhoid fever have been suecessfully 
treated with penicillin and Benemid. 
In one ease the organism was resistant 
to 10 units per milliliter and in the 
other to 40 units per milliliter. No 
positive stool cultures were observed 
after treatment in these two cases. A 


Two patients 


third patient with typhoid fever made 
a good clinical response to Chloromy- 
eetin but had a persistently positive 
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stool culture for three weeks while 
receiving large doses of Chloromycetin. 
The organism was resistant to 25 units 
of penicillin, sensitive to 50 units. 
The patient was placed on oral Bene- 
mid and given 1 to 2 million units 
of penicillin per hour by intravenous 
drip for six hours on each of eight 
days. Weekly stool cultures remained 
negative for S. typhi for thirty days 
thereafter. Penicillin blood levels 
varied between 350 and 27 units per 
milliliter during the six-hour period on 
four days when repeated blood levels 
were determined. On another oceasion, 
a moribund infant of 10 months with 
meningococcic meningitis and bilateral 
panophthalmitis, hypopyon, opaque 
vitreous, and steamy cornea was given 
Benemid and 1,000,000 units in- 
travenous penicillin and made a com- 
She was also given 


of 


plete recovery. 
cortisone during the second week in an 
effort to delay fibrosis, synechia, and 
organization of any thrombosed retinal 
vessels. Ophthalmoseopie examination 
of the fundus and gross vision were 
normal on discharge. We have not had 
an opportunity to treat subacute bac- 
terial endocarditis with Benemid and 
penicillin but others have reported 
suecess by the use of the two drugs in 
combination.’* It seems therefore as 
if Benemid may be indicated in con- 
ditions where a very high plasma con- 
centration of penicillin is necessary to 
favor diffusion into the infected area, 
or in infections caused by an organism 
which is resistant to all antibioties ex- 
cept to penicillin in relatively high con- 
centration. 

A combination of Benemid with 
other forms of penicillin may be in- 
dicated under certain circumstances. 
When Benemid is given with procaine 
penicillin in infants, the blood level of 
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penicillin is about doubled, but this is 
probably of no practical importance. 
Of more significance might be the com- 
bination of Benemid and penicillin in 
a tablet for oral administration. Re- 
cent studies have shown that most 
acute infections for which penicillin is 
used can be adequately controlled with 
oral penicillin. On a standard oral 
dose per pound of crystalline penicillin 
the blood levels vary considerably and 


TABLE II. PENICILLIN LEVELS FOLLOWING 
ORAL PENICILLIN-BENEMID TABLET 





; ol UNITS PENICILLIN 
PER ML. SERUM: 
HOURS AFTER 

| 


PENICILLIN 





UNITS | 
| AGE | PER DOSE __ 

PATIENT| (YR.)| POUND kK we. 
E. 8. 4 2,800 q.6h. .53 
A.W. 13 mo. 3,000 once’ .31 me .057 
H. L. 3 3,000 once 255 .32 143 
M.R. 18 mo. 3,000q.8h. .84 
E. H. 7 3,000q.8h. 61 .27 .196 
R. C, 13 3,000 q.8h. .77 45 40 
C.B. 13 3,000q.8h. .31 41 248 
P.K. 3 3,000q.8h. 44 .38 .245 

45 .064 .039 
T.F. 5 3,135q.6h. .37 

025 
R. C. 34 3,125q.6h. 46 37 ~~ «14 
B. G. 7 3,333q.6h. .385 .32 .14 
L. W. 6 3,400 q.6h. 1.14 75 o2 
B. K, 3 3,500 q.6h.  .61 61 27 
D. B. 2 4,000 q.6h. 1.04 51 
M. H. 15 mo. 4,000 q.6h. 1.42 82 1.32 
H.N. 9 4,400q.8h. 76 
M. E. 5 5,000 q.8h. .56 525 .277 
V.Cc. 4 5,000q.6h. 33 5 

25 .73 

B. M, 19 mo. 5,000q.8h, .512 .30 .26 

.16 16 125 
C.M.C. 4 5,000 q.8h. .26 45 58 


Average 500.456 321 
are modified by the fluid intake, re- 
lationship to meals, and other individ- 
ual unknown factors. A combined 
tablet,* containing 100,000 units of 
potassium penicillin with 250 mg. of 
Benemid, was given to twenty patients 
and serum penicillin levels were de- 
termined at one, two, and three hours. 
The dosage was 3,000 to 5,000 units of 


*“Remanden” kindly supplied by Sharp & 
Dohme, Inc. 


EVALUATION OF BENEMID 


299 


penicillin per pound of body weight 
(approximately 6,000 to 11,000 units 
per kilogram) every six to eight hours 
given approximately one hour before 
meals. The penicillin levels (Table II) 
were remarkably constant in this series 
and the levels were higher and de- 
creased at a slower rate than is ob- 
served with oral penicillin alone.** One 
hundred per cent of patients studied 
had a three-hour penicillin plasma level 
above .03 unit per milliliter and the 
average was tenfold higher than the 
minimum inhibitory level for the beta- 
hemolytic streptococcus encountered in 
searlet fever."* Repeat levels on seven 
children up to the seventh day on this 
medication did not suggest that the 
serum penicillin level was cumulative. 
Spot Benemid levels in four patients 
at three, four, or five hours after the 
dose varied between 8.4 and 13.2 mg. 
per milliliter. No evidence of toxicity 
or gastrointestinal incompatibility was 
observed. Seven of these children had 
beta-hemolytic streptococci in their 
throats on admission. Daily cultures 
became negative for streptococci 
within two days or less after the peni- 
cillin-Benemid tablet was started. All 
children showed prompt clinical im- 
provement. 


SUMMARY AND CONCLUSIONS 


In a study of eighty-five children the 
optimal oral dose of Benemid was 
found to be an initial dose of 25 mg. 
per kilogram of body weight followed 
by 10 mg. per kilogram every six hours 
for maintenance therapy. For chil- 
dren of over 50 kilograms of body 
weight the adult dose is adequate, 500 
mg. every six hours following an initial 
dose of 1 to 2 Gm. if rapid action is 
desired. 
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Following a single intramuscular in- 
jection of crystalline penicillin of 10,- 
000 units per kilogram of body weight, 
the blood levels in a patient receiving 
adequate doses of Benemid fall at such 
a rate that are 
maintained for eight to ten hours. At 
two to three hours after the injection 
the level of penicillin in the blood of 
the patient receiving Benemid is five to 
tenfold higher than in that of the 
same patient without Benemid. 


bacteriostatie levels 


This slow excretion of penicillin per- 
mits cumulation, and very high blood 
levels may be maintained if repeated 
doses of penicillin and Benemid are 
given. Examples are given of clinical 
application of this principle. 

By trial-and-error variation of the 
dosage and by theoretical calculation 
the effect of Benemid on penicillin ex- 
eretion in children seems to correlate 
roughly with what would be expected 
if it interfered with tubular excretion 
without influence on glomerular fil- 
tration of penicillin. 

Average penicillin serum levels in 
twenty children who received an oral 
tablet (Remanden) containing potas- 
sium penicillin and Benemid were as 
follows: one hour, 0.500 unit per milli- 
liter; two hours, 0.456 unit per milli- 
liter; three hours, 0.321 unit per milli- 
liter. 

Using the combined penicillin-Bene- 
mid oral tablet, a dose of 6,600 units 
of penicillin per kilogram of body 
weight every eight hours should give 
blood levels well above those necessary 
to control most infections which are 
sensitive to penicillin. 


No significant evidence of toxicity 
from Benemid was observed in these 
infants and children. 
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IMMUNIZATION OF NEWBORN INFANTS WITH PERTUSSIS VACCINE 


SHIRLEY M. Lippsert, M.D., Harry Buocu, M.D., IskamL Mier, M.D., 
FeLIx Stern, M.D., AaNp Herspert L. Lippserr, M.D. 
BROOKLYN, N. Y. 


¢ THE first part of our study, ex- 
pectant immunized 
with saline pertussis antigen in the 
and third trimesters of preg- 
nancy. Bloods were drawn on the 
pregnant women before immunization 
with the pertussis vaccine and at de- 
livery, as were cord bloods. Agglu- 
tinin titers were determined. The-ob- 
servations indicated that a protective 
level of pertussis agglutinins does not 
occur in the average pregnant woman. 
When vaccine 
used to immunize the expectant moth- 
ers, a significant number of mothers 
and newborn infants became immu- 
nized as indicated by the agglutinin 
titers of blood drawn from mothers 
at delivery and the cord bloods. There 
was no significant difference in the ag- 
glutinin titers produced in the infants 
whether the mothers were immunized 
in the first or third trimester of preg- 
naney. 

It is an accepted fact that pertussis 
has its most serious morbidity and 
mortality in infants under 6 months 
of age. In the second part of our 
study, we attempted to determine 
whether an adequate protective level 
of pertussis agglutinins can be ob- 
tained in newborn infants by immu- 
nizing them without injurious effects. 
The pertussis agglutinin level was 
used as the measure of the infant’s 
ability to form antibodies, although it 


mothers were 


first 


saline-prepared was 
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is recognized that this may not neces- 


sarily correspond with clinical im- 


munity. 

Baumgartner! was of the opinion 
that infants’ under 6 months. of age 
could not produce sufficient antibodies 
due to their physiological immaturity. 
Accepting this view, Sauer? recom- 
mended that infants should be immu- 
nized after 7 months of age. Subse- 
quently, Sauer reported that when 
alum-precipitated pertussis vaccine is 
used at 3, 4, 5, and 6 months of age, 
against pertussis 
is obtained. Peterson and associates*® 
in 1942 demonstrated that young in- 
fants could be protected against per- 
tussis. This was confirmed by Sako* in 
1945. Peterson and Christie’ injected 
eighty billion alum hydroxide adsorbed 
phase one Hemophilus pertussis organ- 
isms in young babies and produced 
satisfactory immunity in 73 to 79 per 
eent. They suggested that with the in- 
jection of a larger number of: organ- 
isms greater protection in a higher 
percentage of cases was possible. 

Miller and co-workers® immunized 
infants at 5 days, 1 month, and 2 
months of age with a total of fifty 
billion saline suspended organisms. 
However, at 3 months of age only 15.4 
per cent showed significant protective 
agglutinins. When one hundred bil- 
lion saline suspended cells were used, 
25.2 per cent showed a good response. 
When injections of eighty billion or- 


adequate protection 
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ganisms were used given in divided 


doses at 1, 2, and 3 months of age, 
48.5 per cent attained protective ag- 
glutinin titer one month after the last 
injection. During the next six months, 
only 36.4 per cent showed adequate 
protective titers. In older infants, 60 
per cent maintained a high titer for 
four years. However, with alum-pre- 
cipitated pertussis vaccine a high titer 
was produced in 62.6 per cent and 
maintained in 60 per cent for one year. 
Di Sant’ Agnese’ also demonstrated 
that a significant degree of protection 
ean be attained in newborn infants, 
with best results in the young infant 
and older child. 
and Bullock*® 
diphtheria, pertussis, 
tetanus vaccine to newborn infants 
and showed that these infants attained 
high titers of pertussis agglutinins. 


Chamberlain gave a 


combined and 


METHOD OF STUDY 


This study was carried out at the 
Beth-E] Hospital. One hundred seven- 
teen newborn infants were injected 
with pertussis vaccine at 4, 8, and 12 
weeks of age. A booster was given at 
9 months of age. 

The patients were divided into two 
received saline 


groups. One group 
pertussis vaccine which contained 
twenty billion organisms per cubic 


The dosages were 1, 1.5, 
and 1.5 ¢.c. The total dosage injected 
was eighty billion organisms. At 9 
months of age a booster of 1 ¢.c. was 


centimeter.* 


given. 

The group of infants re- 
ceived a specially prepared soluble de- 
toxified pertussis 
vaccine containing forty billion organ- 


second 
alum-precipitated 


*This vaccine was prepared by the New 


York City Health Department. 
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isms per cubic centimeter.* This 
product was a detoxified alum-precipi- 
tated soluble antigen but did not con- 
tain the toxin. The intervals of in- 
jection were the same as in the first 
The dosages were 0.5, 0.75, 
A total of eighty billion 
A booster of 


group. 
and 0.75 e.e. 
organisms was injected. 
0.5 ¢.e. was given at 9 months of age. 

Blood specimens for the determina- 
tion of pertussis-agglutinin levels were 
taken just before the pertussis immu- 
nization series and three months after 
the last injection. In some patients 
we were able to obtain a blood speci- 
men at 9 months of age, at 1 year, and 
at 18 months of age. A titer of 1:80 
or higher signified sufficient antibody 
present against pertussis. 

RESULTS 

Of our 117 patients, only four 
showed an adequate pertussis agglu- 
tinin titer preceding the pertussis anti- 
gen series. Three had a titer of 1:80 
and one had a titer of 1:640. The 


greatest number of titers at one month 
of age were negative at 1:10 dilution. 


Twenty-two infants received saline- 
suspended vaccine. Thirteen of these 
showed significant pertussis agglu- 


tinins in the blood*three months after 
the series. In no case, however, was 
the titer much above the minimum pro- 
tective level. 

Twenty-two babies received the solu- 
ble detoxified alum-precipitated vac- 
eine. All of these developed protec- 
tive agglutinin levels and in eighteen 
the titer was above 1:1,280. Ten re- 
turned at 9 months of age and still 
showed an adequate agglutinin titer. 
Reactions to the injections were mini- 
mal. When they occurred, they con- 


*Vaccine supplied by Sharp & Dohme, Inc. 
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sisted of fever, irritability, and mild 
local reactions. 


SUMMARY AND CONCLUSIONS 


1. Newborn infants are practically 
devoid of any pertussis antibodies. 

2. Injections of saline pertussis vac- 
cine given to twenty-two newborn in- 
fants at 4, 8, and 12 weeks of age pro- 
duced satisfactory pertussis agglu- 
tinins in thirteen. These titers, al- 
though adequate, were not high. 

3. Injections of soluble detoxified 
alum-precipitated pertussis vaccine 
given to twenty-two newborn infants 
at 4, 8, and 12 weeks of age produced 
satisfactory pertussis agglutinin titers 
in all babies. In 90 per cent, the titers 
were high. 

The cooperation of the laboratory staffs 


of Beth-E] Hospital and of Sharp & Dohme, 
Inc., is greatfully acknowledged. 
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A STUDY OF THE ERYTHROCYTE SEDIMENTATION RATE FOR 


WELL CHILDREN 


Nevtt F. Hoiwuimncer, Pu.D.,* BERKELEY, CALIF., AND 


Saunt Jor. Roprnson, 


(ESR) is 


, 
HE 
4 


widely used as a diagnostic aid al- 


sedimentation rate 


though its normal variation and ae- 


curacy, or its clinical significanee, have 
The 


for well children has 


never been clearly established. 
‘*normal’’ ESR 
been accepted on a paucity of investi- 
gative information. Thus 
for the Cutler and Smith techniques 


‘*normals’”’ 


have been reported' and accepted” * * 
though derived from data obtained on 
as few as twenty-four well children 
months to 7 years); 


(age group ” 


‘*normals’’ for the Landau method on 
data 


(age group 3 to 10 years). 


from only seventy-four children 
The Win- 
trobe method, although popularly used 
the 
been thoroughly evaluated as applied 
to children. In addition, 
have been made in many techniques 
for 


throughout country, has never 


variations 
by substituting anticoagulants 
those originally recommended, without 
adequate knowledge of the effects of 
such substitutions on the final result. 
Last, few thorough studies are avail- 
able with respect to the reproducibility 
(reliability) of the ESR as determined 
on multiple aliquots of one blood spec- 
imen by the same technique. 

The purposes of these studies were 
to: 
sedi- 


1. Determine the normal of 


mentation rates for well children be- 


*Assistant Professor of Laboratory Prac- 
tice, School of Public Health, University of 
California at Berkeley. 

**Supervisor, Rheumatic Fever Program 
and Consultant Cardiologist. San Francisco 
Public Health, Clinical In- 
Pediatrics, School of Medicine, 
Associate Chief in charge of Pedi- 
Zion Hospital. 


Department of 
structor in 
Stanford ; 
atrics, 


Mt. 
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M.D.,** San Francisco, CAuir. 


tween the ages of 4 and 15 years uti- 
lizing two well-known techniques (Win- 
trobe macromethod and _ Landau- 
Adams micromethod). 

2. Determine the packed cell volume 
(PCV) for well children. 

3. Note the effect on the ESR of sub- 
stituting other anticoagulants for those 
recommended for the original method. 

4. Determine and then to compare 
the reliability of each of three methods 
(Wintrobe 


methods 


and Westergren maecro- 


and Landau-Adams_ micro- 


method ). 
review data 


5. Aceumulate and 


which would serve as a valid basis 
upon which to judge the limitations of 
the use of the ESR as a guide to elin- 
ical activity of the disease process be- 


ing studied. 


METHODS 


The original Win- 


. 


Techniques. 
trobe-Landsberg,” * Landau-Adams,* ° 
and Westergren'® methods for the de 
termination of the ESR, and of the 
PCY’ followed. All tests were 
initiated at room temperature, within 


were 


fifteen minutes to one hour of drawing 


the blood specimen. The value of the 


ESR was recorded at the end of one 
hour from the time of starting the 
test. Every effort was made to elim- 


inate all reported technical errors." 
Dry, sterile syringes were used in or- 
der to prevent the highly depressant 
effect on the ESR of residual liquid 
in aleohol-rinsed syringes.‘* The es- 
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sential technical details of the methods 
of determination of ESR are summa- 
rized in Table I. 

Reliability of Techniques.—In or- 
der to discover the greatest reliability 
(reproducibility) of a given technique, 
it is essential that one skilled techni- 


TABLE I. TECHNICAL 





mg. (NH,),C,0,-H,O 
dissolved in 0.5 ml. dis- 
tilled H,O, placed in 2 
dram vial, oven dried 
below 80° C. 


in distilled H,O 


tions of the ESR were made by the 
Westergren technique on a single, rap- 
idly sedimenting, venous blood speci- 
men, and thirty more on a less rap- 
idly sedimenting venous specimen. 
This entire procedure was repeated 
with the Landau-Adams and with the 


DETAILS FOR METHODS 
REMARKS ON TECHNIQUE 
ALL TESTS READ AT ONE HOUR 





METHOD ANTICOAGULANT : AND AT ROOM TEMPERATURE 
(ORIGINAL) | ORIGINAL | MODIFICATION 19 TO 26°C. 
Wintrobe- *Wintrobe-dry: 4.0 mg. _ None 5.0 ml. of blood, obtained 
Landsberg$ K,C,0O,-H,0 and 6.0 by venipuncture, was de- 


livered into the vial con- 
taining the anticoagulant 
and mixed by inversion 

The PCV was read after cen- 
trifugation (35 min. at 
2,200 r.p.m.; 1065G) and 
recorded for use in correct- 
ing the ESR7 


Westergren10 1.25 ml. of 3.8% citrate *Wintrobe-dry Blood specimen as above 
solution (Na,C,H,0O,- substituted 
+5144H,0) in distilled 
H,O in a two dram 
vial , 

Landau-Adams5, 9 59% citrate solution *Wintrobe-dry, Landau-Adams aspirator used 
(Na,C,H,0,+5%4H,0) mixed with to draw citrate to first line 


venous blood, is encircling pipette, then to 
substituted for draw blood (from finger 
capillary blood puncture) until combined 
alone column reaches second line, 
to mix blood and citrate 
by drawing into bulb 3 
times, and to bring top of 
column to seale zero 





*See explanation following “Wintrobe-dry” 











cian perform, in immediate sequence 
and under controlled conditions, sev- 
eral (i.e., replicate) determinations on 
a single blood specimen.** In this 
study thirty such replicate determina- 











under “Anticoagulant-Original.” 





Fig. 1.—Illustration of three types of sedimentation tubes: Westergren (300 mm.), Landau- 
Adams (129 mm. with bulb in tube) and Wintrobe (112 mm.). 


Wintrobe (uncorrected) techniques. 
The number (N) of replicate deter- 
minations was set at thirty, the mini- 
mum which would ensure reliable sta- 
tistical data on variability within a 
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method.'* It considered 
necessary to test both capillary (arte- 


was not 


rial) and venous blood 


since the sedimentation rate has been 


specimens, 


shown not to differ significantly for 


arterial and for venous blood from 
the same patient. *° 
The reliability of the Wintrobe 


method of determination of the PCV 
investigated, since this had 


2.5 


not 
established 
a single reading,’® and 


was 
been as per cent on 
either side of 
the same value (2.5 per cent) had been 
found for the Van Allen PCY." 
Anticoagulants.—The comparison of 
anticoagulants was based on the ESR 
as determined on paired blood speci- 
These specimens were drawn in 
immediate the same 
child or two aliquots of the same speci- 


determination of 


mens. 
sequence from 
men were used. A 
ESR was made by one of the methods 
cited. ** ' At the same time, the 
ESR of the paired specimen was de- 
termined by one of these same meth- 
ods, modified by changing the anti- 
coagulant. Thus, the Westergren 
technique was modified, in this study, 
by substitution of the W introbe-dry 
potassium-and-ammonium-oxalate for 
the cent citrate solution of 
Westergren. The Landau-Adams tech- 
nique was modified by the substitution 


3.8 per 


of venous for capillary blood (obtained 
by finger puncture) and by mixing 
the blood specimen with the Wintrobe- 
dry anticoagulant before addition of 
Landau’s 5 per cent citrate solution. 

Clinical Material. 
the study enrolled in 
schools* in San Franeiseo, Calif. (des- 


*Blood collected through the cooperation of 
Dr. J. C. Geiger, then Health Officer of San 
Francisco; Dr. Paul S. Barrett, Director, Bu- 
reau of Child Hygiene, City and County of 
San Francisco: Doris L. Robinson, Director of 
Public Health Nursing, San Francisco Depart- 
ment of Public Health; Mary Huston, R.N.. 
Public Health Nurse, Hooper Foundation: and 
Dr. Herbert C. Clish, Superintendent of San 
Francisco Schools. 


The ehildren in 


were certain 
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ignated as Group 1), or in the San 
Francisco Cardiae Center (designated 
as Groups 2 and 3). 

Group 1 was composed of well school 
children in whom no illness was sus- 


The 
by a 


pected by the school physician. 
blood drawn 
physician and a brief medical history, 
designed to exclude those children re- 


specimens were 


porting recent colds or upper respira- 
tory infections, was taken the same 
day. If the ESR was elevated (21 
mm. or more, Wintrobe, uncorrected), 
a second ESR was determined for the 
same child a year later. If the second 
rate was elevated, the child reported 
to a pediatrician or internist at the 
Center for a 
complete examination. On the basis 
of this examination, subsequent visits, 
and a battery of laboratory tests, the 
physician classified such children as 
‘‘well’’ (Group 1) or as ‘‘not well.”’ 
The ESR was included in the data on 
normals for Group 1 only if obtained 
for a child finally designated as Group 
1 (well school children). 


San Franeiseo Cardiae 


Group 2 was composed of all chil- 
dren enrolled in the San Francisco 
Cardiae Center* from Sept. 15, 1950, 
to April 15, 1952. After a complete 
medical examination, a final classifiea- 
tion for each child was made by the 
pediatrician or internist. 

Group 3 was composed of all those 
children (at the above center) who 
were classified by the pediatrician or 
internist as having no detectable ill- 
ness, and who were diagnosed as hav- 
ing a ‘‘functional heart murmur.’’ By 
‘*functional heart murmur’’’* is meant 
an adventitious sound (heard over the 
heart) which does not signify organic 
illness. A child with a_ funetional 
heart murmur is considered completely 


well, the detectable murmur being 
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merely a  nonpathologieal finding 
which has no relation to disease of the 
heart. 
RESULTS 

The ESR in Well Children.—The 
Wintrobe uncorrected values for ESR 
as determined on well children (Group 
1) range from 1 to 40 mm., as shown 
by the frequency distribution for ESR 
on year of age (Table IIA). In Table 
IIB, computations 


several statistical 
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supported this choice. The data were, 
therefore, grouped for children from 
4 through 11 years of age and, sep- 
arately, for children from 12 through 
15 years of age. 

Since the frequency distribution for 
the ESR (Wintrobe, uncorrected) in 
Group 3, ‘‘well children, functional,’’ 
is almost identical®® with the frequency 
distribution data for Group 1, only 
the summary data are presented in 








for these data are summarized.. Age Table III. This table also lists, as de- 
groupings for the ESR data were termined by the Landau-Adams 
15 
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Graph 1.- 


chosen so as to ensure the greatest uni- 
formity within groups and the most 
reliable difference between groups. In- 
spection of Graph 1 indicated that the 
choice of a cutting point between 11 
and 12 years would be most likely to 
meet these criteria. Calculation of the 
standard deviations (S.D.), and of the 
critical ratios’® (as indices of the re- 
liability of differences between means) 
for several different age groupings 


ESR in millimeters and PCV in volume per cent for well children. 


method, an analysis of ESR data for 
Group 3. The PCV for Group 1, 
‘well school children,’’ is also shown, 
in ease a correction of the Wintrobe 
ISR is desired. 

Anticoagulants—It may be con- 
cluded that neither substitution of dry 
oxalates for citrate solution nor addi- 
tion of oxalated blood to citrate solu- 
tion resulted in any significant change 
in the value of the ESR from that ob- 
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tained on a paired specimen as tested Adams technique, the other obtained 
by the original method of the investi- in an identical manner except that 
gator. This conclusion is based on the venous blood was mixed with Win- 
high correlation coefficients?! found. trobe-dry anticoagulant before the 
Thus, r was 0.92 for 177 paired sedi- ddition of citrate solution (Table I). 
mentation rates, the first obtained by Comparison of Methods.— 

the original Westergren method, the Correlation Coefficients, r: When 


TABLE IIB. STATISTICAL CONSTANTS FOR ERYTHROCYTE SEDIMENTATION RATES, WINTROBE, 
UNCORRECTED, FOR WELL SCHOOL CHILDREN (GROUP 1). ESR Reap at END oF 
OnE Hour, AS MM. Drop 

















AGE IN 
YEARS AT | TOTAL 
LAST WELL RANGE IN Y OF RATES 
BIRTHDAY | CHILDREN MEAN (M) mm. S.D. SE, (1.96) | ABOVE 20 mm. 
+ 7 10.43 2-17 5.74 4.26 0 
5 27 12.78 3-32 5.90 2.22 7 
6 32 13.16 4-37 7.50 2.60 9 
7 32 11.44 3-37 7.45 2.58 9 
8 26 11.96 3-32 7.42 2.85 9 
9 18 12.22 5-30 6.28 2.90 11 
10 19 8.89 2-15 4.38 1.97 0 
11 21 11.85 3-39 9.63 4.12 10 
12 36 7.05 0-21 4.71 1.54 3 
13 3 7.87 2-23 5.13 1.80 3 
14 32 6.32 1-15 4.11 1.42 0 
15 12 3.42 1-8 2.23 1.26 0 


| 
| 
| 


TaBLeE III. STATISTICAL CONSTANTS FOR ERYTHROCYTE SEDIMENTATION RATE AND PACKED 
CELL VOLUME FOR WELL CHILDREN 























METHODS AND CLASSI- | | % 
FICATION OF CLINICAL AGE | MEAN | RANGE ABOVE 
MATERIAL GROUP | TOTAL (M) | INmm. | S.D. SEy (1.96) | 20 mm. 

Wintrobe, uncorrected, 

ESR in mm. per hour 

for both Group 1 and 4-11 245 12.01 1-41 6.99 0.88 9 

Group 3 children 12-15 169 7.49 0-34 5.77 0.86 7 
Wintrobe, uncorrected, 

ESR in mm. per hour 4-11 182 11.84 2-39 7.08 1.03 8 

for Group 1 children 12-15 111 6.68 0-23 4.60 0.86 2 
Wintrobe, uncorrected, 

ESR in mm. per hour 4-11 63 12.54 1-41 6.84 1.69 13 

for Group 3 children 12-15 73 8.81 1-34 6.81 1.56 5 
Landau-Adams ESR in 

mm. per hour for 4-11 69 9.07 2-24 5.16 1.22 6 

Group 3 children 12-15 90 8.30 2-28 5.64 1.18 4 
Wintrobe PCV in vol. % 4-11 182 38.78 32-48 2.88 0.41 os 

for Group 1 children 12-15 109 42.83 36-50 2.75 0.51 wie 


second determined in an identical methods were compared, high correla- 
manner, except for the substitution of tion coefficients were obtained if the 
oxalates (Wintrobe-dry, Table I) for entire range of paired sedimentation 
the citrate solution of the original rates was considered (Table IV). The 
Westergren method. Similarly, r was highest r (0.94) was obtained by com- 
high for 235 paired ESR values, one paring the original Wintrobe (values 
obtained by the original Landau- corrected ‘‘for anemia’’) with the 
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original Westergren method; the low- 
est r (0.85) by comparing the modified 
the 
original Westergren method (Table I), 


Landau-Adams technique’ with 
1.00 being a theoretically perfect cor- 
high correla- 
up to 20 


elevated rates 


relation. Comparably 


tions were found for rates 
For 
(above mm.) the 
not as high (0.73 to 0.86), although for 


the of 


mm. per hour. 


20) correlation was 


elevated rates number values 
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For various levels of the ESR, 
Graph 2 indicates the per cent of the 
number of determinations, N, which 
differed by a given number of milli- 
meters when the paired Wintrobe and 
Westergren readings were compared. 
This graph does not show that for 
rates above 20 mm. (Wintrobe) the 
Westergren values are often the higher 
of the two; however, the Westergren 
value is sometimes the lower even for 


TABLE IV. CORRELATION COEFFICIENTS FOR PAIRED Tests USING DIFFERENT METHODS OF 
ESR DETERMINATION 
(Values for the ESR Obtained on Paired Specimens of Blood for Children in Group 2) 
NUMBER OF NUMBER OF 
PAIRED | NUMBER OF PAIRED 
TESTS ALL PAIRED TESTS 
VALUES TESTS ESR GREATER 
ESR ESR 20 MM. | THAN 20 
ESR METHODS COMPARED mm./ HR, r OR LESS/ HR. r mm./HR. r 
. Landau-Adams oars : 
bemeeren J original 252 0.87 228 0.81 24 . 
original Landau-Adams - 7 
. modified 345 0.90 310 0.86 35 0.75 
" Landau-Adams 
W introbe original 252 0.87 223 0.81 29 0.73 
(uncorrected)  andau-Adams 
original modified 345 0.90 305 0.86 40 0.79 
- Westergren 
) herr me A original 179 0.91 175 0.90 4 ° 
sie Westergren 
original modified 241 0.94 209 0.89 32 0.85 
- Westergren 
| acenaaet original 179 0.92 150 0.86 29 0.86 
9 Westergren 
original modified 241 0.93 207 0.89 34 0.85 
Landau-Adams Westergren 
original modified 63 0.89 62 0.88 1 . 
Westergren 
Landau-Adams original 65 0.85 56 0.80 9 " 
modified Westergren 
modified 123 0.85 111 0.77 12 ” 








*If the number of paired tests was less than thirty, r is not shown. 


compared was not as great. Too few 
paired rates were obtained to calculate 
reliable correlations for 
certain techniques. The value for r 
the ESR obtained any 
method used and the Wintrobe cor- 
rected values, when compared with the 
r for by the same 
method and Wintrobe uncorrected val- 
ues, indicated a difference of only 0.01 


statistically 


between by 


rates obtained 


or less. 





Wintrobe rates up to 50 mm., accord- 
ing to data obtained in this study. 
Reliability: The reliability (repro- 
ducibility) of ESR values, as obtained 
by one technician for twenty-nine to 
thirty replicate determinations (tests 
on separate aliquots of one blood speci- 
men by the same technical method un- 
der controled conditions), may be 
estimated for each of three methods 
from the values presented in Table V. 
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Confidence Intervals: An ESR re- 
port on a single Westergren determina- 
tion may be considered correct within 
+22 to +2.7 


mm. for 95 per cent of 
reports, as shown by the con- 
fidence interval, i.e., [t(S.D.)],?* at 
the 0.05 level, and the Nog p** value in 
Table V. Thus, the equal values, 1.04, 
for Nog p. (the number of tests neces- 


such 


STUDY OF 


ESR FOR WELL CHILDREN 311 
for the Landau-Adams micromethod. 
For accurate interpretation of a report 
determined by any of these methods, it 
would necessary to consider the 


value of t(S.D.), the confidence 


be 
in- 
terval. 

Standard Deviations: As estimated 
by 2 S.D. limits, and on the basis of 
replicate, rather than single determina- 
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Graph 2. 


-The number at the top of each bar indicates the number of paired determinations on 


which the per cent was calculated. 


sary to guarantee reliability within 2 
S.D. limits) indicate that one report 
should be interpreted within a differ- 
ent ESR range for each method. On 
the basis of confidence interval, then, 
a Single report obtained by the Wester- 
gren technique is the most reliable of 
the three, the least reliable one report 





tions, the reliability of the Westergren 
method was highest, that of the Win- 
trobe technique next highest, and that 
of the Landau-Adams micromethod 
lowest (Table V). It is evident from 
the values for 2 8.D. that the reports 
on replicate determinations for the 
Westergren differ by only 5.3 mm. (for 
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results on the same blood specimen as 
made by one technician). However, 
the Wintrobe reports differ by 6.5 mm. 
and the Landau-Adams values by as 
much as 8.9 mm. at the 2 8.D. level. 
At the 3 8.D. level this range of values 
is inereased by 3 to 4 mm., according 
to the method used. 

The variance ratio, F** (here the 
ratio of the [S.D.]* of the ESR for 
twenty-nine or thirty replicate deter- 
minations on the same blood specimen, 
as compared with the [S.D.]* of the 
ESR for twenty-nine or thirty deter- 
minations of another blood specimen 
obtained by an identical technique), 
was used to find the probability (P)** 
that the obtained differences in vari- 
The blood 
specimens were chosen to include those 
low ESR (mean value 6 to 11 
and at a higher ESR (mean 
value 17 to 30 mm.). The values of P 
in Table V indicate that there was no 
difference the variance of 
readings at lower, as compared to 
higher, sedimentation rates obtained 
by the Westergren method, since P is 
greater than 0.10. This was also true 
for the Landau-Adams technique, since 
P is again greater than 0.10. How- 
ever, the P value for the Wintrobe 
(less than 0.10 but greater than 0.02) 
indicated that P is approaching a level 
(0.05) where the possibility must be 
considered that the variance of high 
values is significantly greater than 
that of low values. 

Packed Cell Volume: 
shown to increase gradually with 
(Graph 1). Empirical grouping for 
uniformity of data on PCV indicated 
no marked differences in the critical 
ratio for ages 4 to 11 years as con- 
trasted with that for ages 4 to 12 years. 
Therefore the same age grouping (4 


ance could oceur by chance. 


at a 
mm, ) 


between 


The PCV was 


age 


STUDY OF ESR FOR WELL CHILDREN 


313 


to 11 and 12 to 15) was used for the 
PCV as was found most uniform for 
the ESR, since the PCV was deter- 
mined for the purpose of correcting 
the ESR as obtained by the standard 
Wintrobe method. The statistical anal- 
ysis of these data is presented in 
Table II. For the above age groups 
no significant difference of PCV values 
was found on the basis of sex, either 
in this study or in the literature. 


DISCUSSION 


The reliability of a sedimentation 
rate, reported for one determination 
on one patient for one method (Table 
V), is not as great as may be assumed 
by the clinician requesting only one 
test for a given patient on a given day. 
On the basis of the data presented here, 
it would appear to be essential that 
the clinician be aware of the confidence 
interval and the standard deviation of 
rates for a given method. In a critical 
analysis of the reliability of reports, 
Power” suggested that a report based 
on one determination can be guaranteed 
only within +3 8.D. limits. On the 
basis of 3 S.D., then, one elevated ESR 
report can be guaranteed within a 
maximum of +5 mm. for the Wintrobe 
technique. Thus, on a given day, if a 
physician received a single Wintrobe 
report of 30 mm., it should be inter- 
preted as any value between 25 and 35 
mm. A subsequent report of, for ex- 
ample, 25 mm. could be interpreted 
as a drop of as much as 15 mm. or, 
equally well, could be interpreted as 
no change at all. To obtain a valid 
difference of 1.0 mm., it would be 
necessary to do eleven tests on each 
day on each patient (N,, Table V),”* 
which obviously, in most cases, would 
not be practical. The physician, then, 
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can interpret an apparent decrease in 
the ESR only in the light of the re- 
liability of the method. According to 
the results of these studies, one ESR, 
reported for the Landau-Adams tech- 
nique as 25 mm., should be interpreted 
19 to 31 mm.; 
report of 17 mm. inter- 
from 13 to 21 mm., 
cent of the reports 


as any value from one 
Westergren 
preted as any value 
for ninety-nine per 


TABLE VI. 


JOURNAL 


STATISTICAL CONSTANTS FOR 
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OF 


of Westergren readings has been attrib- 
uted to two factors: the height and 
diameter of the tube, which prevents 
packing at elevated rates,”* and the 
dilution of the blood with a salt solu- 
tion.** These two factors apparently 
operate to increase the elevated ESR, 
since, for the findings of four investi- 
Westergren 
than 


28, 29, 30 


gators,”* 7% 2 rates are 


considerably higher Wintrobe 


ERYTHROCYTE SEDIMENTATION RATES 


Values Published for Well Children and Values Found in This Study (in mm./hr.) 


NUMBER RANGE 
| YEAR AGE OF IN 
METHOD PUBLISHED GROUP CHILDREN MEAN mm, S.D. |SEy (1.96 
Wintrobe, uncor- *1953 4-11 245 12.01 1-41 6.99 0.88 
rected for both 12-15 169 7.49 0-34 5.77 0.86 
Group 1 and 
Group 3 children 
Landau-Adams for *1953 4-11 69 9.07 2-24 5.16  ~=«:21.22 
Group 3 children 12-15 ~ 90 8.3000 (2-28 5.64 1.18 
Landau (Linzen ~ 19335 6-15 87 3.76 1-8 -_ t 
meier-Raunert ) 
Westergren 192638 Less than 18 t t 4-7 Pine t 
4-1] 87 11.53 1-62 11.74 1.78 
193939,40°—-12-14 ~ 62 #«£211.56 1-60 10.55 2.63 
m12-19 3,101 5.54 t 352 2 2©= 0.12 
$193937 £12-16 1648 1094 #=¢ £4628 °#£0.29 
T12-19 1.749 7.41 t 5.33 0.16 
Smith 19361 4-11 23 9.13 3-13 282 °&£«21.:16 
Cutler 19361 ~ 4-11 23° 8.52 4-13 2.39 0.98 
Cutler, with corree- 194441 10-11 48 870 435 3.67 1.10 
tion for anemia aa) 5) “259 2~—Sti«S DH 2-23 3.90 0.47 
Strim 193817 8 and 11 117. — «111.23 2-19 4.24 0.86 
Rourke-Ernstene 194242 11-17 100 m0.4§  0.9-2§ + e 
modified heparin f0.6 
anticoagulant 
*Table III, this study. 
tPublished data insufficient for this calculation. m male. 
tKorean and Japanese children. f female. 
§Readings in mm. drop per minute during period of constant fall. w Total. 
received. Of these three ESR tech- rates above 20 mm. In this study, how- 
niques, then, it is evident that the ever, the Westergren readings were 


Westergren is the most reliable. 

The basic theory of blood sedimenta- 
a state of ‘‘undoubted 
but of doubtful 
practical value.’”° Nevertheless, the 
superior reliability of the Westergren 


tion is now in 


academie elegance 


technique, as shown above, has been 
demonstrated on an empirical basis by 
The comparative uniformity 


Berg.*® 





often but not always higher, even for 
Wintrobe values up to 50 mm. The 
Westergren readings were also higher 
than the Hellige-Vollmer*' 
(Langer) and the Kato” for 
micromethods above 20 mm.; but not 
consistently higher above 30 mm. for 
the Strém** micromethod, nor for the 
Landau-Adams (this study). 


those of 
rates 
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With respect to anticoagulants, as 
judged by the ESR for paired speci- 
mens, substitution of a proper concen- 
tration of a dry oxalate mixture for a 
citrate solution had little effect on the 


ESR obtained (Table IV). However, 
the findings of both Berg®® and 


Nichols** indicated that the test must 
be initiated within one hour after the 
blood is drawn if dry anticoagulants 
were used, whereas the ESR usually 
remained constant up to four hours if 
the blood was diluted with isotonic 
salt solution. Also, Nielsen*® found 
that substitution of heparin for citrate 
solution made little difference in the 
Westergren ESR, provided the same 
blood dilution was used. 

The ‘‘normal’’ ESR for well chil- 
dren, then, must be evaluated in terms 
of the reliability of the method used, 
the dilution of the blood specimen, and 
the time interval between withdrawal 
of blood and the initiation of the deter- 
mination. 

In these studies, significantly differ- 
ent mean values of the ESR for age 
groups 4 to 11 years and 12 to 15 years 
were found for ‘‘normal’’ well chil- 
dren, when the Wintrobe technique 
was used (Table III). No such statis- 
tieal difference in mean values of the 
ESR could be established on the basis 
of sex.°° Kitamura,*? however, found 
a mean of 5.5 mm. for boys and 10.9 
mm. for girls for Westergren deter- 
minations for 4,749 Korean and Japa- 
nése children (Table VI). Additional 
techniques and findings, which were 
quite varied, may be readily compared 
from the statistical constants on ESR 
are in Table VI. 
Values in this table are in conformity 
with the eonelusions of certain investi- 
gators*® who consider that mean values 
of ‘‘normal’’ for some ESR methods 
are statistically different. A careful 


which presented 
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study of Table VI will indicate that 
the range of ‘‘normal’’ values in well 
children is very broad, i.e., 1 to 60 mm. 
for the Westergren, 1 to 41 mm. for 
the Wintrobe, and 2 to 28 mm. for the 
Landau-Adams. Even if only 95 per 
cent of all rates are considered, the 
values for two S.D. indicate that the 
upper limit of ‘‘normal’’ is as high as 
22 mm. above the mean ( Westergren). 
Consideration of the data in Tables V 
and VI leads to the conclusion that, for 
a given method, the mean ‘‘normal’’ 
ESR in children is of clinical 
significance only when the range or the 
2 8.D. value and the reliability of 
that method is known. It appears ex- 
tremely doubtful that one laboratory 
report, based on any technique listed, 
should be considered above the upper 
limit of ‘‘normal’’ for well children 
unless this upper limit is fairly high, 
perhaps 20 mm. For the Wintrobe 
ESR, the selection of even 20 mm. as 
the upper limit of ‘‘normal’’ eliminates 
up to 11 per cent of the values for 
well children in the age group 4 to 11 
and up to 3 per cent of the values for 
well children of 12 to 15 years (Table 
ITB). 


Correction “for Anemia.” — The 
well-established practice of correcting 
the ESR ‘‘for anemia’’ on the basis 
of PCV appears to be unnecessary on 
the basis of the correlation coefficients, 
r, of the ESR obtained by the Win- 
trobe and other techniques, there being 
no significant difference in r for cor- 
rected and uneorrected rates (Table 
IV). Mahoney and associates** did 
not the Wintrobe-Landsberg 
ESR in a series of 2,703 paired read- 
ings for which a high correlation 
(0.94) was obtained with the Rourke- 
Ernstene ESR. The investigations of 
Gilmour and Sykes,?* of Hynes and 


well 


eorrect 
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Whitby,” and of Gibson“ indicate as published by Osgood and Baker,” 
that a correction ‘‘for anemia’’ is not FP in each case being greater than 0.10. 
valid. Terry,” MeFarlane and The ‘‘ineclined tube’’ method for 
O’Brien,”> and Sinton*® agree with determination of ESR has not been 
Alston'' that this is a ‘‘false method utilized in this study although it has 
of simplification.’’ The weight of been reported as extremely useful in 
evidence cited appears to be in agree- Europe.®*® If the sedimentation tube 
ment with the statement that a corree- is inclined at 45°, the sedimentation 
tion for anemia is unnecessary and_ rate is greatly increased, the reading 
may be misleading. Nevertheless, the at the end of fifteen minutes having a 
» high correlation with the reading at 


PCV, as obtained here and as r 
corded in the literature, is listed in the end of an hour for a vertical 
Table VII. The PCV values are listed Westergren tube (unless the hour 
for use in correction of the ESR, in reading is below 2 mm.). Although r 
ease a corrected value is preferred and _ is high, a different ‘‘normal’’ must be 


Taste VIL. StraristicAn CONSTANTS FoR PACKED CELL VOLUME 
Values Published for Well Children and Values Found in This Study 


| | NUMBER | | RANGE | 
YEAR } AGE OF | IN 
METHOD PUPLISHED| GROUP | CHILDREN | MEAN | VOL. % S.D. SEy (1.96) 
Wintrobe 1953" $-11 182 39.78 32-48 2 88 0.41 
~ 12-15 109 42.83 36-50 2.75 0.51 
~ 193649 #4-11 #«2;|982 4069 + #£«+338 0.39 
193850 12-20 200 ~ 44.95 38-53 3.18  }&0.43 
Hamre pipette wis 194051 3-6 179 40.5 99-56 4.64 ~ 0.69 
Smith 193852 212 30 39.94 ¢ 92.68 0.84 
Smith, with 5% sodium a -Ts pose 
citrate 19361 $-11 20 36.60 32-40 2.16 0.94 
Smith, modified with meetin (Bie 
heparin 19361 1-11 21 43.86 40-47 2.03 0.86 
Van Allen 19385 8 &11 71 40.80 + 1.81 0.41 
Haskins 193554 4-11 175 35.71 29-42 2.38 35 


*Table III, this study 
tPublished data insufficient for this calculation. 


as a guide in the clinical interpreta- established, since the rates are not 
tion of the PCV reported for children equal due to the packing of erythro- 
tentatively diagnosed as having poly-  eytes in the inclined tube.** ** There 
eythemia (borderline cyanosis), ane- js no doubt. however, that as a sereen- 
mia, congestive heart failure, ete. A jing technique for elevated rates the 
single mean value for PCV, caleulated — jnelined tube is an excellent and rapid 
from values for both males and females, method .>® ®: 61, 62 

is given in Table VII, since no sig- 
nificant statistical difference in the 
mean PCV for males and females From the results of this study and 
could be established for the Wintrobe a survey of the available literature the 
PCV (as found in this study), for following conclusions are drawn. 

the Van Allen PCV as published by 1. The normal sedimentation rate 
Faergeman,”™ or for the Haskins PCV for children 4 to 15 years of age, 


CONCLUSIONS 
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regardless of sex, is from 0 to 20 mm. 
per hour Wintrobe uncorrected; how- 
ever, 5 to 10 per cent of apparently 
well normal children may have a sedi- 
mentation rate higher than 20 mm. 
per hour. 

2. In general, children in the age 
group 4 to 11 years have a higher 
average Wintrobe sedimentation rate 
(12 mm. per hour) than children 12 
to 15 years of age, who have an aver- 
age sedimentation rate of 7.5 mm. per 
hour, a value almost identical with 
that obtained for adult males in other 
related studies of the Wintrobe method. 

3. The normal ESR (as determined 
at the end of one hour) by the Landau- 
Adams micromethod for children 4 to 
15 years of age is also 0 to 20 mm.; 
nevertheless 5 per cent of apparently 
well normal children may have a sedi- 
mentation rate of over 20 mm. 

4. The correlation of sedimentation 
rates determined in immediate sequence 
for the same child by the Wintrobe, 
Westergren, or the Landau-Adams 
methods is extremely high as indicated 
by the correlation coefficients; one may 
thus use any one of these three methods 
with the knowledge that results will 
be similar. 

When properly performed, the 
micromethod (Landau-Adams) may be 
used to determine the sedimentation 
rates of children, since findings by this 
micromethod are quite comparable to 
those of the two matromethods studied. 

5. The type of anticoagulant used 
makes little, if any, difference in the 
final result, i.e., the substitution of dry 
xalates for citrate solution may be 
made, provided the determination of 
the sedimentation rate is initiated 


within one hour after the blood speci- 
men is drawn. 
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6. If thirty sedimentation tests are 
made on one sample of blood by the 
same method, variable results will be 
obtained. Hour readings for the Win- 
trobe method will vary by as much as 
+5 mm.; for the Landau-Adams micro 
technique by as much as +7 mm., and 
for the Westergren technique by as 
much as +4 mm. Therefore, the ac- 
curacy of a single report must be inter- 
preted with respect to these variations. 

7. Correction of the Wintrobe ESR 
for anemia may not be necessary, since 
the correlation of corrected and un- 
corrected ESR by this method is ex- 
tremely high (.95). 

8. The PCV for well children 4 to 
15 years of age inereases gradually 
with year of age. The average PCV, 
as determined in volume per cent by 
the Wintrobe technique, is 40 per cent 
for well children 4 through 11 years 
of age, and 43 per cent for those 12 
through 15 years of age, regardless of 
sex. Consideration of the ecomputa- 
tions from PCV data obtained in this 
study and from the PCV data recorded 
by certain other investigators, given 
in Table VII with respect to the mean, 
‘ange, S.D., and SE (1.96) of four 


other methods, indicates that these 
constants are not the same for all 
methods. 

9. Consideration of the computa- 


tions from ESR data obtained in this 
study and from the ESR data 
corded by certain other ingestigators, 
given in Table VI with respect to the 
mean, range, S.D., and SEy (1.96) 
of several other methods, indicates that 
these constants are not the same for 
all methods. 


re- 


10. From all of the foregoing it can 
readily be seen that determination of 
the ESR in children may not be a 
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highly accurate means of studying ac- 
tivity in any single disease; that limi- 
tations with respect to the accuracy 


a single ESR must be recognized 


and the elinical interpretation deter- 
mined with a full knowledge of the 
variabilities of the sedimentation rate 


well children. 
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PARTIAL EVENTRATION OF THE RIGHT DIAPHRAGM 


Morton M. Axuer, M.D., AaNp Rospert L. REHERMANN, M.D. 
PHILADELPHIA, Pa. 


E’ ENTRATION of the diaphragm 
is a relatively rare condition in 
which a portion of the diaphragm is 
elevated without loss of continuity of 
the muscle. The abnormality has been 
found at all ages. The etiology is not 
known, but is believed to oceur as both 
a congenital and acquired lesion. Of 
the sporadic cases reported, the major- 
ity have been in adults, and the left 
hemidiaphragm has been most often 
involved. Only a few eases of right- 


sided eventration in children have 
been reported, and no reference to this 
condition has been found in the Amer- 
ican pediatric literature. 

The first case of eventration of the 
diaphragm was published by Petit? in 
1774. 
in the 


An occasional report appeared 


literature thereafter, and in 
the literature and a total of several 
cases. Reviews by Bayne-Jones,° 
Korns,* Reed and Borden,’ and Ny- 
lander and Elfring® have summarized 
the literature and a total of several 
hundred 
Most of those reported were in adults. 


In 1947 Bisgard’ was able to find only 


eases have been presented. 


twelve cases in infants and children. 
Bisgard’s report of a right-sided 
eventration was the first reported case 
of successful surgical repair in an in- 
fant. Beck and Pixley* and State’ also 
have reported surgical corrections of 
eventration in infants. The following 
ease is presented to acquaint pediatri- 
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cians with, the entity, and to emphasize 
the danger of blind needling of tho- 


racic Masses. 


CASE REPORT 

F. H., a 5-year-old white male, was 
admitted to Hahnemann Hospital 
pediatric ward because of a mass in the 
mediastinum. 

The child was born at home after 
an uneventful pregnancy, the mother’s 
sixth. Labor and delivery were nor- 
mal. Birth weight was 8 pounds. 
There were no physical abnormalities 
noted during the neonatal period. 
Formula feeding was initiated and he 
vomited constantly during the first 
several weeks. At the age of 9 weeks 
he was admitted to another hospital 
for study of recurrent vomiting. A 
diagnosis of pylorospasm was made. 
During investigation, x-ray study of 
the chest revealed a mass in the right 
hemithorax of unknown nature. Flu- 
oroseopie reports stated that the mass 
appeared to be independent of the 
diaphragm. The boy was discharged 
on thickened feedings and seemed to 
do well. Growth and development ap 
peared to progress normally. He sat 
at 7 months, walked at 12 months, and 
talked at 18 months. During the first 
year he had frequent upper respira 
tory infections and fevers of unknown 
origin. Cyanosis on erying was noted 
At 11 months he had a fever followed 
by several convulsions, and he was ad 
mitted to a hospital for study. Chest 
x-ray at this time again revealed a 
mass, and the mother was told that the 
child had a ‘‘dermoid eyst’’ of the 
chest. She was instructed that surger} 
would be necessary at a later date 
From the age of one year until th: 
present the boy has had frequent at 
tacks of ‘‘bronchitis’’ and ‘‘colds.”’ 
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About two weeks prior to admission, 
the patient was seen by a physician 
for treatment of an upper respiratory 
infection. Because of the history of 
mediastinal mass, the physician sug- 
gested admission to the hospital. The 
child was admitted to another hospital 
where a diagnosis of mediastinal tumor 
was made. The boy was then trans- 
ferred to Hahnemann Hospital for 
surgery. 

Parents and seven siblings are in 
good health. No history of neurologi- 
eal or respiratory difficulties and no 
history of tuberculosis or allergy were 
found. 

On physical examination the child 
was found to be a thin, pale white 
child who did not appear acutely ill. 
He seemed somewhat delayed men- 
tally. The head was asymmetrical with 
flattenir ; of the occipital portion. 
The tympanic membranes were thick- 
ened. Examination of the eyes re- 
vealed no abnormalities. Nose and 
throat were normal; the tonsils were 
not enlarged. On the right side of the 
neck a small branchial cleft cyst was 
noted. No enlarged cervical nodes 
were palpated. Trachea was in the 
midline. Chest examination revealed 
a depression of the anterior wall and 
lower left side of the chest. The 
xiphoid protruded prominently. A 
normal pereussion note was elicited 
over the entire chest. Breath sounds 
were normal; no rales were heard. No 
abnormality of costal margin motion 
was noted. The heart was not en- 
larged. There was a normal sinus 
rhythm. Sounds were of good quality. 
A soft systolic murmur was heard. 
This was loudest in the depressed area 
f the chest just to the left of the 
sternum. The liver was palpable 2 em. 
low the costal margin. The spleen 
ind kidneys were not felt. No eclub- 
jing of fingers was noted. No cyano- 
sis, even on erying, was detected. The 
emoral pulsations were forceful. 


Laboratory studies revealed red 
lood count 4,700,000; hemoglobin 


2.0 grams; white blood count 9,100; 
ature polymorphonuclears 68 per 
ent; stab forms 3 per cent; lympho- 
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eytes 27 per cent; monocytes 26 per 
eent. Urinalysis: Sp. Gr., 1.024; 
color, yellow; reaction, acid; a trace 
of acetone was noted. An occasional 
white cell and squamous cell were 
noted in microscopic examination. 
Bleeding time was two minutes. Coag- 
ulation time was 6 minutes 30 seconds. 
Blood type O,Rh positive. 

X-ray and fluoroscopy showed a 
smooth ovoid mas of homogeneous den- 
sity approximately 4.5 em. in diameter 
in the right cardiophrenic suleus. It 
was inseparable from the right atrial 
margin of the cardiae silhouette. The 
subjacent portion of the diaphragm 
was intact and moved with normal 
amplitude of excursion. The mass did 
not pulsate. There was no displace- 
ment of the esophagus. 

A tentative diagnosis of pericardial 
cyst or teratoma was made. It was 
then decided that an exploratory tho- 
racotomy should be performed rather 
than diagnostic needling of the mass. 
The child was operated upon by Dr. 
Charles P. Bailey. Under ecyclopro- 
pane anesthesia with endotracheal 
intubation, exploration of the right 
chest was performed. In the region 
close to the pericardial edge, a bulge 
4 x 5 em. was noted. The diaphragm 
appeared to be continuous over the 
mass. An incision was made over the 
surface of the tumor, and the dia- 
phragm overlying the mass was found 
to be a fibrotic layer. The mass be- 
neath the diaphragm appeared to be 
normal liver tissue. There were adhe- 
sions between the liver and the dia- 
phragm. A biopsy was taken from 
the mass, and the fibrotic diaphragm 
was imbricated so that it overlapped 
5 em. on its own surface. This pro- 
duced a more normal contour of the 
diaphragm. Postoperative course was 
completely uneventful and the child 
was discharged nine days postopera- 
tive. 

X-ray examination following sur- 
gery revealed the rieht lung to be com- 
pletely re-expanded. No evidence of 
postoperative inflammation was found 
(Fig. 1). Follow-up examinations 
three and one-half months postopera- 











322 THE JOURNAL OF PEDIATRICS 





A. B. 


Fig. 1. 1, Preoperative posteroanterior view of chest. Mass in right cardiophrenic angle 
approximately 4 x 5 cm. in diameter. B, Postoperative view of chest showing obliteration of 
the mass following surgery. 





Fig. 2.—Lateral view of the chest (preoperative). The anterior position of the mass (arrows 
is clearly seen. 
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tive show that the child has been well 
since discharge from the hospital. His 
appetite has improved, and there has 
been a slight gain in weight. 


COMMENT 


Fluoroscopy and multiple roentgen- 
ographie studies were interpreted as 
revealing a nonpulsating, smooth ovoid 
tumefaction in the right cardiophrenie 
The diaphragms were reported 
The 
question of diagnostic thoracentesis of 


angle. 
as showing normal movement. 
the tumor mass was considered, but it 
was felt that needling of an unknown 
mass was a potentially dangerous and 
unnecessary procedure. Regardless of 
what type of lesion would be found, 
surgery would still be necessary. Ex- 
ploratory thoracotomy under modern 
conditions presents a minimal] risk, and 
the dangers of pneumothorax, pneu- 
momediastinum, and hemorrhage are 
averted. Unsuspected puncture of the 
liver in such a ease could easily cause 
fatal hemorrhage into the peritoneal 
cavity. 

Diagnostic pneumothorax and pneu- 
moperitoneum have been done in ef- 
forts to differentiate eventration from 
diaphragmatic hernia.**?° While 
these proceedures are undoubtedly use- 
ful in the differential diagnosis, it is 
our feeling that surgical exploration 
presents less risk and permits defini- 
tive repair at the same time. Surgery 
in this instance represents a more con- 
servative approach to diagnosis and 
treatment. 

Several explanations as to the eti- 
ology of eventration have been ad- 
vaneed. In 1935 Reed and Borden® 
reviewed the literature, and in eighty- 
three cases, thirty patients were under 
the age of 25. This suggested that 
many of the cases were of congenital 
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origin. The cases presented by Whit- 
more and Kahlstrom™ (age: 1 year) 
and Bisgard’ (age: 6 weeks) support 
this theory. Our case, with x-ray evi- 
dence of a mass at the age of 2 months, 
probably fits into the category of con- 
genital abnormality. Other suggested 
eauses have been inflammation and 
trauma. Nylander and Elfring® in 
1951 presented several cases in which 
a previous history of pleurisy was ob- 
tained and suggested that the inflam- 
mation may weaken the diaphragm 
and cause relaxation. 

Many patients with eventration of 
the diaphragm are asymptomatic, and 
the lesion is discovered during the ex- 
amination for other conditions. In 
adults the symptoms vary greatly, de- 
pending on the site of the lesion and 
the extent of involvement. Among the 
symptoms mentioned have been dysp- 
nea, cyanosis, gastrointestinal upset, 
eardiae disturbances, and generalized 
malaise. In infants, if the lesion is 
severe enough to cause difficulties, the 
picture is one of respiratory embar- 
rassment. Dyspnea, cyanosis, and fre- 
quent respiratory infection are seen. 
Our patient had a history of gastro- 
intestinal difficulty at birth. A story 
of cyanosis during crying was also 
elicited. Previous reports have em- 
phasized the almost constant finding 
of a positive Hoover or Korm’s sign. 
This is an inereased excursion of the 
costal margin on the affected side, and 
it is thought to be due to the unin- 
hibited action of the intercostal mus- 
eles. It was not noted in this ease. 
Other physical signs are inconstant, 
and depend upon the extent of the 
lesion. 

In asymptomatic cases where the 
diagnosis is established by roentgen 
study, probably no treatment is neces- 
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sary. Where symptoms exist, explora- 
tory thoracotomy is a safe procedure. 


The 


been a 


most suecessful procedure has 
plication of the diaphragm 
which replaces the abdominal contents 


and permits re-expansion of the lungs. 
SUMMARY 


A ease of partial eventration of the 
right diaphragm in a child has been 
The dangers of blind diag- 
nostic aspiration have been reviewed. 
It is suggested that exploratory tho- 
racotomy be done in preference to as- 


presented. 


piration, pneumothorax, or pneumo- 


peritoneum. 
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EISENMENGER’S COMPLEX IN ASSOCIATION WITH CONGENITAL 


TRICUSPID ENDOCARDITIS (FETAL) 


REVIEW oF LITERATURE AND REPORT OF CASE 
Aaron Piacuta, M.D., aNp Francis D. Speer, M.D. 
New York, N. Y. 


ISENMENGER’ in a lengthy re- 
port described the clinicopatho- 
logical findings in a 32-year-old male 
whose cause of death was attributed 
to congestive heart failure. He made 
the correct ante-mortem diagnosis of 
congenital heart disease associated 
with interventricular septal defect. 
Abbott®* designated the name 
Eisenmenger’s complex to a group of 
eight eases in which she recorded the 
basic anomalies to consist of high 
interventricular septal defect, dextro- 
position of the aortic valve overriding 
the septal defect associated with elini- 
eal manifestations of cyanosis, dysp- 
nea, enlargement of the heart, dias- 
tolic murmurs, clubbing, and polyey- 
themia. 

The embryological basis for Eisen- 
menger’s complex was ably docu- 
mented by Abbott.* * The dynamics’* 
and physiological studies were carried 
out by Bing and associates®* and 
Cournand and co-workers*® by cardiac 
catheterization. 

To date eighteen cases of Eisen- 
nenger’s complex with pathological 
study have been reported. Among 
some of these the following associated 

bnormalities were recorded : Abbott* ? 
lustrated the associated abnormality 
f aneurysm of cusps of the aortic 
alve. Abbott®* and Rosedale re- 
orted a patent interatrial septal de- 
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fect; Abbott®* and Talley and 
Fowler,?’ hypoplasia of the aorta; 
Baumgartner and Abbott® and Saphir 
and Lev,”* an anomalous coronary ar- 
tery; Taussig and Semans,”* retrac- 
tion and insufficiency of the right 
aortic cusps, and Saphir and Lev,”* 
coarctation of the aorta. 

The following case report is of an 
Eisenmenger’s complex with its two 
basie defects in the heart: high inter- 
ventricular septal defect, dextroposi- 
tion of the aortic valve overriding the 
septal defect, with associated abnor- 
malities of ‘‘fetal endocarditis’’ of 
the tricuspid valve, dilatation of the 
pulmonary artery and hypertrophy 
and dilatation of the right ventricle. 
This is the first such case reported in 
the literature so far as we could as- 
certain. 


CASE REPORT 


W. M., a 4-month-old male infant, 
was hospitalized because of irrita- 
bility, restlessness, and erying for 
twelve hours. At delivery his weight 
was 3 pounds, 4 ounces. He was dis- 
charged thirty-five days following de- 
livery, weighing 5 pounds. 

The family history was irrelevant. 

Physical Examination.—He was well 
nourished and well developed, and in 
moderate distress. The temperature 
was elevated. The pulse was rapid, 
regular, and of fair quality. The 
eardia was enlarged; diastolic mur- 
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murs were elicited at the apex and 
pulmonie areas. There was cyanosis. 


Suggestive pneumonitis associated 
with areas of atelectasis in the right 
upper and lower lobes was 
The 
genitals were normal. 
The 


have intermittent attacks of cyanosis 
the 


extremities were normal, The 


Course. infant continued to 


and dyspnea, and temperature 
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noted. 
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transverse diameter of the heart was 
enlarged (Fig. 1). 

Autopsy Findings.—He measured 23 
inches in length and weighed 13 
pounds. The sealp, face, neck, chest, 
genitals, and extremities were normal. 
The thymus was coarsely lobulated and 
weighed 8.5 grams. The thyroid gland 
weighed 3.0 grams. 

The heart was unusually large, 
globular in shape, weighed 115 grams, 
and measured 6.2 em. across the base 





was spiking between 102.4° and 
103.8° F. In spite of massive anti- 
Fig. 1 


Transverse enlargement of the heart with marked prominence of the pulmonary artery 


and secondary branches. 


biotie therapy of penicillin, strepto- 
mycin, aureomyecin, ACTH, he went 
downhill and died after two months’ 
hospitalization. 


Laboratory Data—There was a 
polyeythemia; urine was _ negative; 
Kahn test was negative. Roentgen 


films of the chest revealed focal 


bullous emphysema, atelectasis, and 
pneumonitis in the right upper and 
the lung. The 


segments of 


lower 





and 5.8 em. from base to the rounded 
apex, made up of both right and left 
The epicardium was pale 
and The 
right atrium and ventricle were di 
lated the hypertrophied 
eardium measured 0.6 em. in thick 
The edematous tricuspid valve 
The free border ot 


ventricles. 
glistening, translucent. 


and myo 
ness. 
measured 4.0 em. 
the atrial surface was lined by a row 
of raised, translucent, pale gray at- 

















PLACHTA AND SPEER: 
tached vegetations, pin point in size, 
extending to the endocardium of the 
chordae tendineae. The firm tricus- 
pid leaflet partly overhung the high 
interve’ -ricular septal defect, an ex- 
ample ui congenital endocarditis (ex- 
aggerated by protrusion through the 
ventricular defect during ventricular 
The pulmonary valve meas- 
Dilatation of main pul- 


systole). 
ured 3.5 em. 
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sition overrides the _.septal defect. 
The ductus arteriosus was obliterated. 
The arch of the aorta was dilated. 
The coronary arteries were normal. 
(Figs. 2, 3, 4, 5.) 

The combined weight of the lungs 
There was pneumo- 
In- 


was 380 grams. 
nitis, edema, and congestion. 
creased fibrosis and vascular intimal 
and medial hypertrophy were noted. 





Fig. 2. 


Globular, transverse enlargement of the heart. a, 


Dextroposition of aorta. b, Dilata- 


tion of pulmonary artery. 


and branches 

The foramen ovale was pat- 
The left atrium and ventricle 

dilated and hypertrophied, 
measuring 1.2 em. in thickness. 
nitral valve measured 3.8 em. The 
entricular surface showed the high 
nterventricular septal defect measur- 
ng 0.8 em. The aortic orifice meas- 
ired 2.8 em.; the valvular dextropo- 


monary arteries was 
noted. 
‘nt. 


were 


The- 


The spleen weighed 38 grams. Fi- 
brous markings and congestion were 
dominant. The pancreas and adrenals 
were normal. The liver weighed 230 
grams. Congestion was dominant. 
The kidneys weighed 3 
Fetal lobulation and congestion were 
noted. The gastrointestinal tract, 


grams each. 


urinary bladder, prostate, and tes- 
ticles 


were normal. The brain 
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Fig. 3.—c, High interventricular septal defect. d, Hypertrophy and dilatation of the right and 
left ventricles. e, Dextroposition of aortic valve overriding the septal defect. 


Fig. 4.—/f, Congenital tricuspid verrucous endocarditis (fetal) overhanging (c) the high septa 
defect. 
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weighed 65 grams. Cerebral edema 
and congestion were noted. 

Final Diagnosis.—Eisenmenger’s 
complex: high interventricular septal 
defect; dextroposition of the aortic 
valve overriding the septal defect; 
endocarditis, verrucous, nonbacterial, 
of the tricuspid valve (fetal), con- 
genital; dilatation of the pulmonary 
artery ; hypertrophy and dilatation of 
the right ventricle; splenomegaly, 
congestive, severe; interstitial pul- 
monary fibrosis, bilateral; pneumo- 
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strating identical cardiac malforma- 
tions in two sisters and four brothers. 
This concept was supported by the 
valuable contribution of the develop- 
mental study by Harris’® of a mis- 
carried fetus. Monckenberg’s*' per- 
sonally contributed cases of cardiac 
anomalies, in addition to those he col- 
lected in reviewing the literature, 
totaled thirteen examples. This in- 
spired Nagel,?? Kockel,’’ Ganeff,™” 
Fisher,’® LeTulle,** and Loeser’® to 
the contribution of eardiae malforma- 
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Fig. 5. 


nitis; pulmonary atelectasis ; focal em- 
physema, bullous; umbilical hernia; 
congestion of viscera. 


DISCUSSION 


Rokitansky** in introducing the 


erm fetal endocarditis considered the 
esion to be inflammatory and the 
asic mechanism of cardiae anomalies. 
‘jerordt’s*®* and Garrod’s™ hereditary 
familial coneept of congenital 

lesion 


nd 


eart was based on demon- 
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Endocarditis, nonbacterial, of tricuspid valve showing spindle and round-cell prolifera- 
tion. 


tion ease reports, still nursing the 
idea of inflammation as the causative 
mechanism for valvular stenoses. 
Keith,”® in his investigation of 270 
cases, came to the monumental con- 
clusion that the lesions so far on rec- 
ord considered to be of inflammatory 
genesis were of developmental origin, 
basing his conclusion on the concomi- 
tant anomalies he found in other 
parts of the body during fetal devel- 
opment. 
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Thomson” reported a ease of fetal 
endocarditis in a male infant dying 
at 214 years of age as a result of con- 
genital tricuspid insufficiency termi- 
nating in cardiac insufficiency. Gut- 
zeit'* reported the cause of death of 
a 26-year-old female due to congenital 
tricuspid insufficiency resulting from 
fetal endocarditis associated with 
hypertrophy and dilatation of the 
right ventricle and dilatation of the 
right pulmonary artery. MeIntosh*° 
reported a case of fetal endocarditis 
in which two small defects lay just 
anterior to the membranacea, 
one opening into the right ventricle 
through a_ greatly hypertrophied 
chorda tendinea which was attached 
to the much shortened infundibular 
tricuspid valve segment. The find- 
ings were accidental in a 44-year-old 
female dying of postoperative perito- 
nitis. Stohr®* reported a case of tri- 
euspid valvular endocarditis in a new- 
born infant. The anatomic and histo- 
logical observation was considered to 
be of primary fetal inflammation. 


pars 


We are not attempting to revive 
the interest in fetal endocarditis on 
the basis of inflammatory genesis, or 
as the causative agent for the con- 
genital cardiac anomalies. We are in 
full with the concept 
established by Abbott* * of errors in 
developmental processes as the basis 
of cardiac anomalies. A case is pre- 
sented in which congenital tricuspid 
valvular verrucous endoearditis (fetal) 


agreement 


was demonstrated in association with 
Eisenmenger’s complex. Four cases 
appear to be on record in whieh tri- 
euspid valvular (fetal) 
was demonstrated and clinically inter- 
preted as congenital tricuspid insuffi- 
ciency terminating in myocardial in- 
sufficiency and congestive failure. 


endocarditis 
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SUMMARY 


An additional example of a case 
of Eisenmenger’s complex with path- 
ological study is illustrated and de- 
seribed. 

To date eighteen such cases with 
pathological study were recorded. 

The first documented case of Eisen- 
menger’s complex in association with 
congenital verrucous tricuspid endo- 
carditis (fetal) is presented. 

An additional example of congeni- 
tal tricuspid endocarditis is presented. 

Only four previously described 
eases of congenital fetal tricuspid en- 
docarditis were recorded in the litera- 
ture. 
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A COMPARISON OF EGRESSIN AND GENTIAN VIOLET IN THE 


TREATMENT OF ENTEROBIASIS (PINWORM INFESTATION) 


WituiaM E. Askue, M.D. 
PHILADELPHIA, Pa. 


N THE search for more effective 

therapeutic agents for enterobiasis, 
Egressin* (3-methyl-6-isopropylpheny! 
ester of N-isoamylearbamic acid) was 
obtained from Germany. Eichholtz 
and Hotovy,' and Sauer and Weissflug’ 
had reported excellent clinical results 
and a low incidence of toxie reactions 
from the use of this drug. 

Toxicity studies® in this country in 
which large doses (0.2 to 1.0 Gm. per 
kilogram per day) were administered 
to dogs for periods of as long as 
thirty-two days indicated that no or 
negligible toxicity should be antici- 
pated from the clinical use of Egressin. 

Goddard and Brown‘ were the first 
Egressin clinically in this 
country. They employed the dosage 
schedule of the German clinicians, con- 
sisting of three doses per day, each of 
2 Gm. of the drug for two days in the 
treatment of older children and adults, 
and 1 Gm. per dose, three times a day 
for two days, for children of 2 to 12 
A purge of magnesium 


to use 


years of age. 
sulfate was given on the following day. 
N.I.H. swabs were made to check the 
effect of the medication. The results 
were not encouraging since in only 
fifteen of twenty-nine patients did it 
appear that the parasites had been 
eliminated. These authors suggested 
that larger doses or more prolonged 
administration might increase the 
effectiveness of Egressin. Relatively 

From the Pediatric Department of Temple 
University, School of Medicine, and St. Chris- 
topher’s Hospital for Children. 


*The Egressin used in this study was fur- 
nished by Sharp & Dohme. 


small amounts of aleohol taken dur- 
ing or shortly after a course of Egres- 
sin were followed by cramps, light- 
headedness, flushing, and pounding in 
the head. 


MATERIALS AND METHODS 


Infants and children suspected of 
having enterobiasis on the basis of 
suggestive symptoms or of the 
mothers’ reports of having seen 
worms were examined and treated in 
the outpatient department of St. 
Christopher’s Hospital for Children. 
The relative efficacy of Egressin and 
gentian violet was evaluated from 
the observations of 126 treatments 
given to infants, children, and adults. 

The scotch tape method of securing 
material for microscopic examination 
was demonstrated to the mothers in 
the clinic. A 5-inch strip of scotch 
tape was placed sticky side out over 
the end of a wooden tongue depres- 
sor. The space between the index 
finger and thumb of a clenched fisi 
simulating the anal orifice proved 
convenient in showing how the sticky 
surface of the tape should be pressed 
into the anal folds. The mother wa: 
asked to purchase a fresh roll of 3 
inch scotch tape and was given 
tongue depressor for each member « 
the family. 

Cooperating mothers 
specimen from each member of th 
family immediately after they aros 
on three mornings. It was emphi 
sized that this should be done befor 


obtained 
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the individuals went to the bathroom 
After the strip of tape 
had been pressed against the anus it 
was folded so that the adhesive sides 
opposed one another, and the free 
ends were attached to a label on 
which the name of the person and the 
date were written. These specimens 
were mailed in a sealed envelope or 
were brought to the clinic; they were 
examined within a week of their 
collection. Although the larvae in 
the ova died within a few days, the 
ova were easily recognizable for 
months after the preparations had 
been made. 

Early in the course of the study 
the mothers were requested to exam- 
ine the children’s anal areas one or 
two hours after they had gone to bed. 
In a number of infected children, 
mothers saw worms emerge from the 
anal orifice after the buttocks had 
been spread apart for a few minutes 
when the child was in a prone posi- 
tion under a strong light. 

In the clinic, strips of scotch tape 
were pressed against the labia minora 
and inner surfaces of the labia 
majora in little girls with vaginitis. 
Ova of pinworms were often demon- 
strated by this technique. Mothers 
were asked not to repeat this diag- 
nostic method. 

When epithelial cells, vegetable 
cells, or meat fibers were not seen on 
preparations on which no ova could 
be demonstrated in the pretreatment 
phase, the preparations were dis- 
earded as being unsatisfactory. The 
mothers who had made them were 
reinstructed in the method, and new 
slides were obtained. 

I examined all of the preparaticns. 
Each seotch tape strip was placed 
sticky side down on a glass slide, and 
the impression made by the anal 


or dressed. 
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orifice was visualized by looking 
through the slide toward a bright 
light. Red pencil lines drawn on 
either side of this impression directed 
the observer’s attention during the 
microscopic examination. The tape 
was then partially peeled from the 
slide, one or two drops of toluene (or 
xylene) were placed on the slide, and 
the tape replaced. The toluene 
cleared the preparation of most arte- 
facts and facilitated visualization of 
the ova. After systematic search for 
ova under the low-power objective, 
the slide was classified as positive or 
negative. 

Each mother was given a mimeo- 
graphed list of directions. The use 
of aleohol and tobacco was prohibited 
during medication with Egressin. A 
low fat diet was also advised because 
this chemical is more soluble in oil or 
fat than in water. Since many 
mothers inquired about hy gienie 
measures designed to prevent rein- 
fection and cross-infection, appro- 
priate instructions were given.* All 
members of each family in which 
there were children with enterobiasis 
were treated, and the dose for each 
was included in the written directions. 

Initially Egressin was tested in 
doses calculated according to body 
weight (0.045 Gm. per pound of body 
weight per day). The compound was 
administered without laxatives. After 
each three-day period of treatment a 
cleansing enema was given. The 
entire treatment was repeated after 
twelve days. 

Dosage Schedule of Egressin: Study I 
Body Weight 

in Pounds Prescribed as Follows 


10 ¥% small (0.25 Gm.) tablet 
t.i.d. pe for 3 days. 





*Since hygienic measures of themselves 
have been demonstrated to have little or no 
value," their use was not considered therapeu- 
tically significant. 
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20 1 small (0.25 Gm.) tablet 
t.i.d. pe for 3 days. 

30 1% small (0.25 Gm.) tablets 
t.i.d. pe for 3 days. 

40 2 small (0.25 Gm.) tablets 
t.i.d. pe for 3 days. 

50 3 small (0.25 Gm.) tablets 
t.i.d. pe for 3 days. 

60 3 small (0.25 Gm.) tablets 
t.i.d. pe for 3 days. 

70 2 large (0.50 Gm.) tablets 


t.i.d. pe for 3 days. 

80 2% large (0.50 Gm.) tablets 
t.i.d. pe for 3 days. 

90 2% large (0.50 Gm.) tablets 
t.i.d. pe for 3 days. 

100 3 large (0.50 Gm.) tablets 
t.i.d. pe for 3 days. 

120 31% large (0.50 Gm.) tablets 
t.i.d. pe for 3 days. 

tablets 


4 large (0.50 Gm. 


t.i.d. pe for 3 days. 


130 and over 

When it became apparent that this 
treatment schedule 
effective, a second therapeutic regi- 
men was started. With doses ealeu- 
lated according to body weight it was 
that minor 
toxic symptoms in the older children 
fail- 
Ae- 


cordingly, calculation of dosage on 


was not very 


noted there were more 


and adults but more treatment 


ures in the younger individuals. 


the basis of body surface area was 
tried in order to increase the dose for 
smaller children and decrease it for 
therapeutic 
were 


individuals. No 
measures than 
used during this second phase of the 


older 
other Egressin 


study. Treatment was administered 
for five days. 

Dosage Schedule of Egressin: Study II 
Body Weight 
in Pounds 
Under 10 


Prescribed as Follows 

1% small tablet (0.25 Gm.) 

t.i.d. pe for 5 days. 

10 1 small tablet (0.25 Gm.) 
t.i.d. pe for 5 days. 

20 =1% small tablets (0.25 Gm.) 
t.i.d. pe for 5 days. 

30 «62 small tablets (0.25 Gm.) 
t.i.d. pe for 5 days. 

10 3 small tablets (0.25 Gm.) 

t.i.d. pe for 5 days. 


3% small tablets (0.25 Gm.) 
t.i.d. pe for 5 days. 
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60 2 large tablets (0.5 Gm.) 
t.i.d. pe for 5 days. 
70 - 90 2% large tablets (0.5 Gm.) 
t.i.d. pe for 5 days. 


100 — 130 3 large tablets (0.5 Gm.) 


t.i.d. pe for 5 days. 
140 and over 3% large tablets (0.5 Gm.) 
t.i.d. pe for 5 days. 


To test whether the standards 
employed to evaluate the efficiency of 
Egressin were reasonable, therapeutic 
trials with gentian violet were carried 
out to provide a basis for comparison. 
Gentian violet was administered for 
five days (Study III) and seven days 
(Study IV), respeectively."° Tablets 
with a four-hour enteric coating were 
taken after meals. 
Dosage Schedules of Gentian Violet: 
Studies Ill and IV 


Total Daily Dose (Given in 
Three Divided Doses After 
Age in Years Meals) 


Under 4 1 or 2 0.010 Gm. capsules 
4-6 3 0.010 Gm. capsules 
6-8 6 0.010 Gm. capsules 
8-13 3 0.030 Gm. capsules 
Adults 6 0.030 Gm. capsules 
When one therapeutic attempt 
failed, the same individual was in- 
cluded in the same or another study. 
The interval between treatments was 
at least one month, so that it seems 
improbable that the second thera- 
peutic effort was augmented by any 
action of the first. 


RESULTS AND DISCUSSION 


The scotch tape slides were more 
accurate for detection of parasites 
than were the mothers’ reports of ob- 
serving worms. Many unsuspected 
cases were revealed by the laboratory 
method. Conversely, in one instance 
a mother and older child thought they 
saw worms during a period when 
twenty-one were examined 
without demonstrating ova. Another 
mother brought in a “worm” which 
under the microscope proved to be a 


slides 
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thread. When there was a difference 
of opinion between mother and physi- 
cian, the mother was invited to bring 
the worms preserved in alcohol, or to 
continue making slides. 


TABLE I. Stupy I: 
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consecutive negative slides within one 
month after completion of treatment. 
According to Sawitz and Karpinos 
seven N.I.H. swabs are necessary to 
detect 99 per cent* of the infected 
cases in a given population.’ Since the 


RESULTS OF Two THREE-DAy CouRSES OF THERAPY WITH EGRESSIN 


(ENEMA GIVEN AFTER EACH COURSE) 





| | PRETREATMENT 




















AGE | POSITIVE/TOTAL | 
PATIENT SEX | (YR.) SLIDES RESULTS TOXICITY 

1. BR. F. IY 2 1/1 Failure None 

2. D. F. M 4 1/1 Failure None 

a. Wis M 6 1/1 Cure None 

4. Jos. O. M 7 2/2 Failure Vomiting 
5. John O. M 9 1/1 Failure None 

6. F. O. M 10 1/1 Cure None 

7. James O. M 11 1/1 Failure None 

8. E. R. F 21 1/1 Cure Vomiting 
9. D. F. F 27 1/1 Cure None 

TABLE II. Stupy II: REsuLTs or A FiveE-Day CouRSE OF THERAPY WITH EGRESSIN 
(WitHoUuT ENEMAS) 
| PRETREATMENT 
AGE __| POSITIVE/TOTAL 
PATIENT SEX (YR. ) SLIDES RESULTS TOXICITY 

1. R. Pia F 2 3/3 Cure None 

2. J. A. B. F 2 4/4 Failure None 

3. R. F.® F 2 1/1 Doubtful None 

4. M. H. F 2 2/3 Failure None 

5. C. RB. M 2 1/3 Failure None 

6. J. R. F 4 5/6 Failure None 

a M 5 /3 Failure None 

8. G. 8S. M 5 2/3 Cure None 

& 2. M 5 2/3 Failure None 
10. W. B. M 6 3/3 Failure None 
11. E. H. M 6 3/3 Failure None 
12. W. RB. M 8 3 Failure Abdominal pain and 

tenesmus 

13. W. R.° M 8 2/3 Failure Abdominal cramps 
14. M. R. F 8 3/3 Cure None 
15. 8S. A. H.4 F 9 2/3 Cure Mild abdominal pain 
i6. H. F. H. F 12 1/6 Cure Abdominal cramps 
17. J. H.® M 12 2/3 Doubtful None 
18. S. B. F 31 3/3 Cure Fatigue 
19. H. H. F 36 2/3 Cure None 


*Previous Egressin treatment failure. 
>Also Case 1. 


Treated five months later because of reappearance of worms. 





Classified as 


doubtful satisfactory result because positive slide was made the day after treatment, and the 


next six slides were negative. 
“Also Case 12—retreated one month later. 
“Previous Egressin treatment failure. 


‘Classified as doubtful satisfactory result because of five negative slides. 


For the purpose of evaluation of 
the four therapeutic regimens the 
following definitions were adopted. 

An infected individual—at least one 
positive scotch tape slide. 

A cured individual—one proved to 
be infected, and who had at least seven 


newer scotch tape method has proved 


to be more 


effective 


than other 


methods,* * it would appear that this 


*If the 


obability of obtaining a positive 


r 
N.LH. awa in an infected individual with a 
single N.I.H. test is 50 per cent, 99 per cent 


of the 
will be 


infected 


seven N.I.H, swabs, 


individuals 
discovered by the examination of 


in a population 
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requirement for a cure, although not 
absolute, was reasonably rigid. 

Treatment failure—when one or 
more ova are found within a month 
after medication. 
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slide on the day immediately follow- 
ing completion of therapy. 

Reinfection was assumed to. have 
occurred if ova were found in a previ- 
ously eured individual more than a 





Doubtful cases—individuals who had month after treatment. If one ac- 
had five or six negative slides follow- cepts the life eyele of Enterobius 
ing treatment, or only one positive vermicularis to be four to seven 
TasLe Ill. Srupy IIIf: Resvuuits or A Five-Day Course or THERAPY WITH GENTIAN VIOLET 

(WitHout ENEMAS) 
| PRETREATMENT 
POSITIVE/TOTAL | 
PATIENT SEX AGE SLIDES RESULTS TOXICITY 

1. M. H. F 2 2/3 Failure None 

2. C. R.e M 2 2/3 Cure None 

3. M. H.® F 2 1/3 Cure None 

4. W. K. M 4 3/3 Failure None 

&. J. BR. F 4 3/3 Failure None 

6. M. A. C. F 4 3/3 Failure None 

7. & B. M ! 2/3 Cure None 

8. J.C. M 6 1/3 Cure None 

9. 8. 8. F 7 1/3 Failure None 

10. R. K. M 8 2/3 Cure None 

11. J. K. M 10 2/3 Cure None 

12. P. K. M 11 3/3 Cure None 

13. R. K. F 32 2/3 Cure None 

*Previous Egressin treatment failure. 

‘Case 1—retreated one month later. 

ePrevious Egressin treatment failure. 

TaBLeE IV. Srupy IV: Resvuuts or A SEVEN-Day CouRSE oF THERAPY WITH GENTIAN VIOLET 
(WITHOUT ENEMAS) 
l PRETREATMENT | 
POSITIVE/TOTAL 
PATIENT SEX AGE SLIDES RESULTS TOXICITY 
i, eA F 3: - - 3/3 Failure None 
2. R. A. 8. F 3 2/3 Cure None 
3. D. H. F 4 4/4 Cure None 
4. H. J. M 4 1/3 Cure None 
5. R. K. M 4 3/3 Failure None 
6. D.S. M 4 3/3 Cure None 
7. B. H. F 5 3/4 Cure None 
8. M. S.« F 5 6/6 Cure None 
9. B. 8." F 6 6/6 Cure None 
10. P. J. M 7 1/3 " Cure Stomach-ache 
11. J. M. M 7 2/3 Doubtful Abdominal pain 
12. G. I. F 8 1/5 Cure None 
13. R. S. M 9 1/3 Cure Vomiting 
14. D. J. F a) 1/3 Cure Headache 
15. G. M. F 9 3/3 Cure Vomiting 
16. R. H. M 10 4/4 Cure None 
7. Cc K. M 11 3/3 Cure None 
18. J. H. M 13 4/4 Cure None 
10. P. H. M 15 2/4 Cure None 
20. M. A. M. F 15 3/3 Cure Vomiting 
$1. C. H. M 16 3/4 Cure None 
22. G. F. F 24 2/3 Cure None 
23. F. H. F 42 1/4 Cure None 


*Previous treatment failure after administration of gentian violet for five days. 
*’Previous treatment failure after administration of gentian violet for five days. 


*Classified as doubtful result because of only six negative slides, 
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weeks,'' ova swallowed on the day fol- 
lowing successful therapy could ma- 
ture and reproduce a month later. 


c 


Even with two courses of treatment 
ineluding cleansing enemas, Egressin 
than of the 
patients in Study I (Table 1). With 
1 five-day course of this compound 


“eured” less one-half 


‘ 
« 


(Study II) the results were no better 
(Table IT). 

Toxic reactions consisting of vomit- 
ing, dizziness, abdominal cramps, and 
diarrhea occurred in twenty of sixty- 
two persons treated with Egressin. 
Almost all of these reactions were so 
mild that treatment was not inter- 
rupted. Because patients apparently 
heeded the mimeographed instructions 
warning against the use of alcoholic 
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with Egressin are not statistically 
significant. (P greater than 0.50.) 

Although repeated eight-day courses 
of gentian violet are usually con- 
sidered necessary for optimal results,” 
it was found that one seven-day regi- 
men cured twenty of twenty-two 
patients. Treatment IV gave results 
highly significantly better than the 
other three treatments (P 0.01 
— 0.001). 

In the gentian violet groups, head- 
ache, nausea, vomiting, abdominal 
pain and cramps occurred in fourteen 
of sixty-four treatments. 

The results of the four regimens 
are compared in Table V. 


SUMMARY AND CONCLUSIONS 


l. 


Various dosage schedules of Eg- 


beverages or any liquid medicine ressin and gentian violet were com- 
TABLE V 
| | | TOTAL | TOTAL NUMBER 
TREATMENT NUMBER NUMBER NUMBER WITH ANY 
SCHEDULE CURES | FAILURES DOUBTFUL | TREATED | TOXICITY 
I. Two 3-day courses 4 (44%) 5 (56%) 0 15 6 (40%) 
of Egressin with 
enemas 
II. One 5-day course 7 (41%) 10 (59%) 2 47 14 (30%) 
of Egressin with- 
out enemas 
III. One 5-day course 8 (62%) 5 (38%) 0 28 4 (14%) 
of gentian violet 
without enemas 
[V. One 7-day course 20 (91%) 2 ( 9B) 1 6 10 (28%) 
of gentian violet 
without enemas 
(elixirs and extracts), no instances pared in the treatment of patients 


of an “Antabuse-like” reaction were 
reported. Smoking did not seem to 
produce untoward reactions during 
the period of treatment. 

Gentian violet given for a five-day 
period (Study III) cured eight out of 
i group of thirteen patients. Al- 


though more than one-half of the 


patients treated were cured, a com- 
parison with the 


results obtained 





with enterobiasis. 

2. Egressin therapy for six days 
(given in two divided courses twelve 
days apart, each course followed by 
an enema) and a five-day course were 
than a five-day 
treatment with gentian violet. 


no more effective f 


3. Gentian violet given for seven 
days proved very successful. 
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The statistical evaluation of these studies 
was done by Mr. Joseph L. Ciminera, Bio- 
metrician, Research Division, Sharp & Dohme, 
Ine. 

[ am indebted to Drs. Paul C. Beaver and 
Rodney C. Jung (Department of Tropical 
Medicine and Public Health, School of Medi- 
cine, Tulane University and Charity Hos- 
pital, New Orleans) for advice and guidance. 
They very kindly showed me the results of 
work Egressin, Diphenan, 
gentian violet, and nightly enemas for the 


their comparing 


treatment of enterobiasis.13 
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OBSERVATIONS OVER A FIVE-YEAR PERIOD OF A PATIENT WITH 
NEPHRITIS TREATED WITH SEVENTY-NINE IN 


"SIONS OF 


10 PER CENT GELATIN SOLUTION 


Ray VANpERMEkER, M.D. 
GRAND Rapips, Mic#. 


DEMA occurring as a complication 

during nephrosis or during the 
nephrotic stage of nephritis is not un- 
common. At times this complication 
becomes the primary concern in the 
treatment. It is practically always as- 
sociated with a decreased serum pro- 
tein and serum albumin. A few cases 
of edema with normal serum protein 
values have been reported, and in these 
situations an electrolytic imbalance, as 
well as the presence of an antidiuretic 
substance produced by the kidney, has 
been suggested as the causative factors. 
However, these exceptions are infre- 
quent. Usually edema is associated 
with decreased serum protein and de- 
ereased serum albumin. The treat- 
ment has generally included the fol- 
lowing measures: salt restriction, elim- 
ination of secondary infections, and 
the judicious use of digitalis. Some- 
times ascites requires aspiration. In 
cases where these measures failed to 
reduce the edema, procedures to re- 
store the osmotic tension of the blood 
have been tried. The substances used 
have been (1) low salt albumin, (2) 
low salt plasma, (3) low salt globulin, 
and (4) salt-free 10 per cent gelatin 
solution. 

The purpose of this paper is to re- 
port our results with the use of a 10 
per cent gelatin solution in the treat- 
ment of a patient with severe nephro- 
sis when edema had become the main 
complication. We were surprised by 
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the absence of untoward effects either 
immediate or delayed. Three other pa- 
tients were treated in similar fashion 
and similar observed. 
None of the others had as many in- 


results were 
fusions or were observed over such an 
infusions 
aused dramatic diuresis in nephritis 
when the 
creased. 


extended period. Gelatin 


serum proteins were de- 


METHOD 


The gelatin solution consisted of 45 
Gm. of gelatin dissolved in 450 e.c. of 
distilled water. Just prior to use, the 
temperature of the solution was 
brought to 36° C. and 50 ¢.e. of a 50 
per cent glucose in distilled water was 
added. 

The low-salt albumin solution econ- 
sisted of 25 Gm. of dried albumin to 
which was added 250 e¢.c. of distilled 
water. 

Both solutions were administered in- 
travenously and total urinary output 
and body weight were recorded daily. 
Before the initial use of either solu- 
tion, a period of observation was al- 
lowed to determine which way the nat- 
ural course of the disease was taking. 
We did not administer either solution 
when the disease was entering a stage 
of spontaneous remission. 


CASE REPORT 
First admission: Oct. 22, 1947, to 


Nov. 6, 1947. 
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The patient was an 8-year-old white 
boy admitted because of marked gen- 
eralized edema extending from the 
lower extremities to face and involv- 
ing abdomen and serotum. The de- 
velopment of the edema had been grad- 
ual and had first been noted by his 
parents about five months previous. 
Swelling of the eyelids occurring in 
the morning had been the first sign. 

His past history had been unevent- 
ful except for ‘‘asthmatic’’ attacks 
which occasionally occurred during the 
summer but never required medical 
attention. He had suffered from re- 
peated attacks of sore throat and ton- 
sillitis and at times had been treated 
with sulfa drugs. Physical examina- 
tion revealed: temperature 99.4° F., 
pulse 112, respiration 20, blood pres- 
sure 124/60. Generalized anasarca 
was present involving eyes, extremi- 
ties, and trunk. Tonsils were hyper- 
trophie and edematous. Heart sounds 
were clear, no murmurs were noted. 
Lungs were clear to percussion and 
auscultation. Ascites was _ rather 
marked and moderate distension of ab- 
domen was present. No liver or spleen 
was palpated. 

Laboratory data were as follows: 
Urine: Sp. gr. 10.38, occasional granu- 
lar cast, albumin 4 plus. Sugar was 
negative. Microscopic: 3 to 4 white 
blood cells, no red blood cells. Kahn 
test was negative. Complete blood 
count: red blood count 4,200,000, 
white blood eount 6,550, hemoglobin 
13.4 grams; polymorphonuclears 62, 
lymphocytes 32, eosinophils 4, mono- 
eytes 2. Nonprotein nitrogen 78 mg. 
per cent. Total serum protein: 3.65 
grams; albumin 2.08, globulin 1.57. 

Chest x-ray showed increased den- 
sity of the right lower lobe which was 
interpreted to be bronchopneumonia. 

Course during first hospitalization : 

The patient was placed on a low-salt, 
high-protein diet. Penicillin 50,000 
U. was given every three hours for 
four days. Plasma 2,500 ¢.c. was given 
on the fifth day. Pneumococeus poly- 


saccharide 1 ¢.c. was given on the sixth 
day and repeated on the seventh day. 
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He was discharged from the hos- 
pital on the fourteenth day. The 
edema had not decreased. The urinary 
output was less than 200 ¢.c. per day 
and the condition was considered ter- 
minal. 

Table I shows daily weight and 
urinary output during the first hos- 
pital stay in evidence of the progres- 
sive downward trend which the patient 
manifested. 














TABLE I. Darty Urine OuTpuT AND DAILY 
WEIGHT 
URINE 
OUTPUT WEIGHT 
DATE | (G0.) (LB. ) 
First hospital stay 
1947 
Oct. 23 450 
24 550 
25 500 
26 | 600 | 774 
27 850 
28 78 
29 150 
30 650 824 
31 | $00 784 
Nov. 1 280 
” | 
3 200 783 
4 50 
5 50 
6 ? 794 





Second admission: Nov. 12, 1947, 
to March 13, 1948. 

Six days after discharge the patient 
was readmitted in eritical condition. 
The generalized edema had increased 
and both eyes were closed. The ab- 
domen was extremely distended, the 
skin over the extremities was stretched 
and glossy in appearance. The child 
was unable to move by himself and 
any motion of the bed caused severe 
pain. Daily weight determinations 
could not be taken till the sixth hos- 
pital day because of the severity of 
his complaints. At that time he had 
lost considerable edema. His weight 
was 80 pounds on the sixth day. Upon 
admission his temperature was 101.8 
F., pulse 104, respiration 32. Blood 
pressure could not be taken because of 
severe edema of arm. 

Laboratory data were as follows: 
red blood count 3,200,000, white blood 
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count 12,000, hemoglobin 9.6 grams, 
polymorphonuclears 82 per cent, 
lymphocytes 16 per cent, monoeytes 2 
per cent, hematocrit 24. Total serum 
protein 3.5 grams; albumin 1.54 grams, 
globulin 1.96 grams. 

His hospital course was as follows: 

The patient was placed on a low- 
sodium, high-protein diet. He received 
infusions of !ow-salt albumin and 10 
per cent gelatin solution. The admin- 
istration of gelatin infusions was in- 
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available and the patient gained, 68 to 
82 pounds. After daily infusions of 
gelatin from the ninety-second to the 
ninety-fifth day he lost 18 pounds of 
edema weight. 

During the interval between the sec- 
ond and third hospital admissions, 
serum protein determinations were 
done on the following dates : 

July 8, 1948: Total serum protein 
7.23, albumin 2.162 grams, globulin 
3.61 grams. 
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Fig. 1.—Second admission. Correlation of body weight, daily urinary output with albumin and 


plasma infusions over a period of 230 


terrupted several times because the 
material was not always available. 
The interruptions are designated as 
control periods although actually there 
was no choice in the matter. 

Fig. 1 shows the daily weight and 
urinary output over a period of 230 
days. From the seventy-sixth to the 
ninety-second day, gelatin was not 





days. 


July 14, 1948: Total serum protein 
6.23, albumin 3.7 grams, globulin 2.57 
grams. 

His albumin loss continued and 
varied from 885 mg. per twenty-four 
hours on July 8, 1948, to 1,690 mg. 
per twenty-four hours on Sept. 23, 
1948. 

The patient was kept on a low-salt, 
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high-protein diet and was well enough 
to return to school. 

Third admission: July 4, 1949, to 
July 27, 1949. 

The patient was readmitted the next 
year, July 4, 1949, because of recur- 
rence of symptoms. He had contracted 
mumps on June 15, 1949. Edema and 
oliguria had developed during this at- 
tack. 


Fig. 2. 


Figs. 2 and 3.—Patient on July 


examination showed: 
pulse 100, res- 


Admission 
temperature 99.8° F., 
piration 28, weight 9014 pounds. Skin 
was very edematous and there was 
marked ascites. The lungs showed 
moist rales and some dullness was 
noted: in the left base. 

Laboratory work revealed red blood 
eount 5,070,000, white blood count 
6,450, hemoglobin 15.5 grams, poly- 
morphonuclears 50, lymphocytes 46, 
monocytes 3, eosinophils 1. Total 
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serum protein 4.6 grams, albumin .67 
gram, globulin 3.93 grams. 

During his hospital stay, the usual 
treatment was given and he received 
daily infusions of 500 ¢.c. of 10 per 
cent gelatin solution. He lost 18 
pounds of body weight during the first 
seven days. Figs. 2 and 3 were taken 
on July 7, 1949, when the patient 
weighed 91144 pounds. Figs. 4 and 5 


Fig. 3. 


, 1949, weighing 91%, pounds. 


were taken seven days later when he 
weighed 7314 pounds. 

Fourth admission: Aug. 25, 1949, to 
Sept. 8, 1949. 

The patient was readmitted Aug. 25, 


1949. During the intervening forty- 
eight days at home he had been kept 
at complete bed rest. The low-sodium 
diet was enforced. He had not re- 
ceived any gelatin. Upon discharge 
from the third hospital stay, the total 
serum protein was 3.89 grams. Almost 
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immediately upon discontinuing the 
gelatin infusions the weight increased 
and the urinary output decreased. He 
gained 21 pounds during the forty- 
eight days at home. He was read- 
mitted with a total body weight of 94 
pounds and urinary output of less 
than 50 ¢.e. daily. His condition upon 
admission was considered critical. 
Daily infusions of gelatin were again 
started and after nine days his body 
weight was 71 pounds. He had lost 


23 pounds of edema fluid and his uri- 
nary output averaged 1,750 c¢.e. daily. 


Fig. 4. 
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Physical examination shows a normal- 
appearing 13-year-old boy, 5 feet 4 
inches tall, weighing 105 pounds. 
There was no evidence of peripheral 
edema. 

Laboratory studies include the fol- 
lowing: complete blood count: red 
blood count 4,810,000, white blood 
count 5,400, hemoglobin 12.8 grams, 
polymorphonuclears 43, lymphocytes 
38, monocytes 8, eosinophils 10, baso- 
phil 1. Sedimentation rate was 14. 
Total serum protein 6.7 grams, albu- 
min 4.5 grams, globulin 2.2 grams. 


Fig. 5. 


Figs. 4 and 5.—Patient seven days later, July 14, weighing 73% pounds after daily infusion of 
0 per cent gelatin solution. 


Fifth observation: 

Patient was seen at the office on Nov. 
4, 1952, during a routine check-up. He 
has no complaints. He is allowed full 
activity, goes to school and handles a 
‘*paper route’’ on the side. His diet 
has been restricted as to salt intake. 


Total urinary protein loss was 0.06 
gram for a twenty-four-hour period. 
DISCUSSION 
The comparative value of gelatin 
and low-salt albumin in the treatment 
of edema occurring in Bright’s disease 
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were reviewed by Thorn and Tyler in 
1947. 
favorable response with albumin than 
the 


Their results showed a more 


gelatin. Our observations were 
exact opposite. 

There different 
The size and shape of the molecule 
The 


gelatin used in our case had a mean 
molecular weight of 45,000. 


are many gelatins. 


are the most important variants. 


Other workers have deseribed unto- 


ward reactions to gelatin infusion. 


Abdominal pain, vomiting, and ano- 
rexia have been mentioned as some of 
Much attention has 


‘*gelatin nephrosis.’’ 


the milder ones. 
been directed to 
Skinsnes*? demonstrated this lesion in 
twenty-three autopsies. His patient 
had received infusions of 800 ¢.e. of 8 
per cent gelatin solution. The epithe- 
lial cells of the proximal convoluted 
tubules showed a granular varioiated 
swelling, often so severe that the tubu- 
lar lumen was almost closed. Some- 
times the affected cells seemed necrotic. 
These changes were noted if the pa- 
tient received gelatin 120 hours before 
death. None were noted if the patient 
received no gelatin during the last 120 
life. 
surgical, and presumably started out 
Gelatin 
It may 
similar 


hours of All his patients were 


with normal kidneys. was 
usually given to combat shock. 
that 


gelatin 


be unwise to assume 


changes occur when is given 
in a nephrotie kidney as in the kidney 
of a patient in shock. 

Other 
strated the retention of gelatin in the 


lymph 


investigators’ have demon- 


reticuloendothelial eel's of 
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nodes as well as granular retention in 
liver cells. Many of these changes may 
be temporary in nature. It is often 
difficult to correlate clinical observa- 
tions with pathological findings. The 
fact that our patient received seventy- 
nine injections of 45 Gm. of gelatin 
in a 10 per cent solution over a period 
of twenty-two months, without unto- 
ward reactions as noticed over a five- 
year period, makes one feel that liver 
and kidney damage as shown by the 
pathological picture were reversible. 
CONCLUSION 

Over a period of twenty-two months 
we treated edema occurring in a pa- 
tient with nephrosis with a total of 
seventy-nine infusions of a 10 per cent 
velatin solution. The diuretic effect 
and the loss of total body weight was 


No untoward 


definitely established. No 
reactions either immediate or delayed 
were noticed over a period of five years 
of observation. 


Gelatin was supplied by the Upjohn Com- 
pany, Kalamazoo, Michigan. Albumin was 
supplied by the American Red Cross, Na- 
tional Research Council. Grateful acknowl- 
edgment is made of the interest and aid 
furnished by the house staff and the labora- 
tory personnel at St. Mary’s Hospital. 
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TETANUS NEONATORUM 


REVIEW OF TWENTY-SIX CASES 


Oscar 8S. Sprvey, M.D.,* Ciirrorp G. GRuLEE, JR., M.D.,** aAnp 
BerNnarp T. Hickman, M.D.*** 
New ORLEANS, La. 


NFECTIONS of the umbilical stump 

were once extremely common, but 
have diminished in number with the 
introduction of aseptic obstetrical 
techniques. However, the practice 
of midwifery in some rural areas of 
the South, and such unhygienic 
customs as placing dung or soot on 
the umbilical stump, still are re- 
sponsible for an alarming number of 
infections yearly. This report re- 
viewing twenty-six cases of tetanus 
neonatorum which were seen at the 
Charity Hospital, New Orleans, be- 
tween 1946 and 1951 is presented to 
emphasize the continuing importance 
of the infection. 

The mere fact that Clostridium 
tetani is present does not necessarily 
mean that tetanus will develop; local 
conditions in the wound must be suit- 
able. The organisms will proliferate 
only in the presence of an oxidation- 
reduction potential far lower than 
that existing in normal living tissue. 
Such a fall in potential may oceur as 
a result of the presence in the wound 
of necrotic tissue, of soil, of bits of 
cloth, metal, or wood, or of tentanus 
toxin. Once the organism begins to 
grow, it produces toxin, and there- 
maintain the conditions 
for continued multiplica- 


after can 


necessary 
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tion. If conditions for growth are 
not optimal, tetanus spores may per- 
sist in the tissues for many months in 
a viable but dormant state. 

Tetanus bacilli show little capacity 
to invade, and are in themselves harm- 
less. They cause disease by virtue of 
a soluble exotoxin elaborated in the 
course of growth. Actually, two 
toxins are produced, tetanolysin and 
tetanospasmin. Tetanolysin has a 
lytie effect on red blood cells in vitro, 
but has not been shown to contribute 
to the production of symptoms in 
man. Tetanospasmin is a protein sub- 
stance with potent neurotoxic proper- 
ties, which acts at two points in the 
body; on the neuromuscular end or- 
gans, causing sustained muscle spasm, 
and on the motor nerve cells of the 
spinal cord, medulla, and pons, caus- 
ing convulsive seizures. Tetanospas- 
min has a strong affinity for nerve 
tissue of susceptible animals and, 
when once combined with it in vivo, 
‘annot be neutralized by any amount 
of antitoxin. The means by which 
toxin travels from the local lesion to 
the nervous system is still a matter 
of controversy. However, recent evi- 
dence makes it seem probable that 
the toxin is absorbed by the lym- 
phaties, carried into the circulation, 
and distributed to the central nervous 
system by the arterial blood supply. 

Tetanus neonatorum carries an ex- 
tremely high mortality rate which 
varies inversely with the length of 
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The most common 
the umbilical 
cireumeisions have 


incubation period. 
portal of entry is 
stump, although 
been incriminated. 

The onset of the disease is usually 
characterized by inability to nurse 
followed by generalized tonicity, opis- 
thotonus and generalized convulsions ; 
“risus sardonicus” is typically present. 
The cause of death in these patients 
is generally unknown, but respiratory 
arrest due either to the tetanus toxin 
or to the heavy sedation characteris- 
tically used seems to be frequent in 
the early stages of the disease. Deaths 
occurring later seem to be associated 
more commonly with secondary in- 
fection or inanition. Among serious 
complications bronchopneumonia and 
compression fractures of the lumbar 
vertebrae are most frequent. 

The frequeney with which tetanus 
encountered 


neonatorum being 


stimulated us to review the experi- 


was 


ences of others. Vinnard? reported 
eleven patients with tetanus neona- 
torum treated at the Charity Hospital, 
1934, 


It was disturbing 


New Orleans, from November, 
to November, 1944. 
to find that we were encountering a 
greater incidence and higher mortal- 
ity than had been reported previously 
from the same hospital. In contrast 
to the eases reported by Vinnard over 
a ten-year period our series of twenty- 
six patients was accumulated in six 
and one-half years between November 
1, 1944, and June 1, 1951. 


six recoveries and twenty deaths, re- 


There were 


sulting in a mortality rate of 77 per 
cent. The and 
females was about equal, but there 


number of males 


four Negro infants for each 
During the same period the 
Negro to white admissions 


Fifteen of 


were 

white. 
ratio of 
was approximately 2 to 1. 
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the twenty-six patients were delivered 
by midwives, one by a physician at 
home, one by cesarean section in an- 
other hospital, the grand- 
mother, and one by the mother alone. 
No information was available in the 


one by 


remaining cases. 

Eighteen infants presented grossly 
infected umbilical stumps at the time 
Of this number only 
one five the 
umbilical stumps appeared normal; of 
infants recovered. 


of admission. 
recovered. In cases 
this group, three 
There was no report of the condition 
of the cord in three cases. Positive 
cultures for Cl. tetani were obtained 
in only three eases. 

The average age at onset of symp- 
toms was 6.1 days in those patients 
who died (range 4 to 9 days) while 
it was 8 days in those who recovered 
(range 6 to 9 days). 

A further analysis of our data for 


periods of highest incidence did not 


reveal a significant seasonal variation. 

The the 
twenty-six cases varied considerably. 
Patients who were in the hospital one 
day or less before death either re- 
ceived inadequate therapy or died be- 
from treatment could be 
evaluated. For the sake of clarity, 
clinical management is considered in 
five g antitoxin, (2) 
sedation, (3) antibiotics, (4) surgery, 
and (5) nutrition and fluids. The 
order of discussion does not indicate 


method of treatment of 


fore benefit 


“ategories: (1) 


relative importance, and quantitative 
considerations except in the case of 
antitoxin will not be discussed be- 
sause of extreme variations. 

The amount of antitoxin given 
varied from 35,000 to 190,000 units 
and was given intramuscularly, intra- 
venously, and locally around the 
umbilicus or by any combination of 
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these three routes. Patients who re- 
covered did not receive any more 
antitoxin on the average than those 
who died, nor did the method of ad- 
ministration appear to affect the out- 
come. One infant recovered after re- 
ceiving only 35,000 units intramuscu- 
larly while one recovered after re- 
ceiving 190,000 units. The usual 
dosage given approximated 100,000 
units but no particular preference for 
a specific method of administration 
could be determined. 

In attempting to attain adequate 
sedation various drugs were tried. 
These included phenobarbital, chloral 
hydrate, paraldehyde, Avertin, Tol- 
serol, and combinations of one or 
more of these agents. Chloral hy- 
drate, used frequently in the first two 
years of the study period, is rarely 
employed at present. It may be of 
some significance that all survivors 
received phenobarbital, three of these 
receiving no other sedative. In our 
hospital Avertin was first used in the 
treatment of tetanus neonatorum in 
1949. Only two patients in our series 
have received this drug. The diffi- 
culties attendant upon its rectal ad- 
ministration are deterring factors in 
the ease of the young infant, but 
are not necessarily prohibitive. Fur- 
ther use of this drug is warranted. 

The efficacy of antibotie administra- 
tion in tetanus is controversial except 
in connection with prevention of see- 
ondary infection. In our series all 
patients but three were given peni- 
cillin. Of the six infants who re- 
covered five received varying amounts 
of the drug, up to 50,000 units every 
six hours. One survivor did not re- 
ceive the drug but had survived with- 
out therapy of any kind for twelve 
days before coming to the hospital. 
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The administration of additional anti- 
bioties such as streptomycin, Chloro- 
mycetin, aureomycin, and sulfadiazine 
to occasional patients did not appear 
to influence the course of the disease. 

Surgical treatment was limited to 
the performance of tracheotomies, and 
umbilectomies. The latter procedure 
was performed on four infants dur- 
ing the years 1945 and 1946, and from 
1949 to 1951 seven cases received 
tracheotomy. In no eases were both 
operations performed on the same in- 
dividual. It is interesting that the 
six patients who recovered received 
no surgery of any kind. However, 
since tracheotomy is a formidable 


procedure in young infants it con- 
stituted a final resort in critically ill 
patients of this series and ean hardly 


be correlated with survival. 

The administration of fluids and 
maintenance of electrolyte balance 
are vital factors in management. The 
difficulties eneountered in fluid ad- 
ministration are numerous, but of var- 
ious techniques used, intubation was 
most frequently chosen as a means 
of maintaining adequate intake. As 
evidence of the importance placed on 
alimentation, almost all patients re- 
ceived oral glucose or formula dur- 
ing the first days of observed illness. 

DISCUSSION 

A great predominance of Negro pa- 
tients was encountered even consider- 
ing the fact that there were only 
twice as many Negro as white ad- 
missions during the period covered 
by the study. Obviously the socio- 
economie status of the Negro par- 
ticularly in rural areas is of prime 
importance in evaluating the appar- 
ent racial predominance. Only one 
infant among the patients reported 
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was born in a hospital. Eighteen of 
the twenty-six infants were delivered 
by midwives, a vast majority of whom 
ean be presumed to have had little 
formal training in their work. Com- 
plex problems in publie education, 
training of professional personnel, 
and distribution of medical services 
must be solved before tetanus neo- 
natorum ean be eliminated. 

Although the presence of a grossly 
infeeted umbilicus seemed to correlate 
with a more serious prognosis, many 
of the fatal infections had short in- 
eubation periods and therefore less 
time for apparent healing of the um- 
bilical stump. There was a definite 
relation between length of ineubation 
period and prognosis. An average in- 
cubation period of eight days was 
found among patients who recovered 
as compared to six days in fatal in- 
fections. It is of interest to note that 
only one infant whose ineubation pe- 
riod was less than seven days re- 
covered, and, on the contrary, that 
only one infant whose ineubation pe- 
riod was over seven days died. Our 
observations indicate that this eriti- 
eal seven-day interval is a valid basis 
for prognostication regardless of ther- 
apy employed. 

Surgical débridement was 
formed for only four eases, all of 
which terminated fatally. It of 
some interest that umbilectomy was 
performed on the only fatal ease hav- 


per- 


is 


ing an ineubation period of longer 
than seven days. The value of peni- 
cillin could not be assessed since all 
but three patients received the drug 
and opportunity for extensive bac- 
teriologie studies was not available. 
Further, the difficulties of culturing 
the organisms, even under ideal con- 
well known. In eight 


ditions, are 
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eases having positive cultures for Cl. 
tetani among a large group of older 
patients who received penicillin, Diaz- 
Rivera and found that 
five became negative within twenty- 
four hours, within forty-eight 
hours, and seven after twenty-two 
hours. One patient continued to have 
positive cultures for twenty-nine days 
and cleared only after antibiotic ther- 
apy to the wound. 

Although it is difficult to interpret 
our data relative to the dosage of 
antitoxin, large quantities did not 
prevent death, and recovery occurred 
in one infant receiving as little as 
35,000 units. This might suggest that 
exuberant dosages are not necessar- 
ily advantageous; however, the work 
of Cooke and Jones‘ suggests that 
protective titers of antitoxin are more 
constantly maintained when large 
doses are given. 

Edema of the face and feet was 
noticed in at least two of the infants 
ten to fourteen days after admission. 
Jelliffe® reported the same finding in 
one of his cases. This phenomenon 
was not satisfactorily explained, but 
hypoproteinemia or increased sodium 
intake in the presence of decreased 
renal function would seem to be the 
most likely explanations. 

At first glance a comparison of 77 
per cent mortality in the present 
series and 55 per cent for the eleven 
eases reported by Vinnard is most 
diseoneerting. Since all patients with 
tetanus were admitted to the surgical 
service during the period covered by 
the last-mentioned report it was 
thought that surgical treatment 
the primary site of infection might be 
the determining factor. As already 
indicated, this was not the ease. The 
possibility that supportive care avail- 
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able in a quiet, well-staffed emergency 
observation ward favorably influ- 
enced the outcome is suspected but is 
hard to substantiate. Of great im- 
portance in explaining the discrep- 
ancy in mortality figures is the fact 
that the incubation periods in Vin- 
nard’s eases varied from eight to 
twelve days, whereas in the more re- 
eent experience at Charity Hospital 
incubation periods were four to nine 
days. This further established the 
seventh day as a crucial time in de- 
termining prognosis, and also prob- 
ably indicates that diagnosis is being 
made earlier at present and that 
fewer patients with tetanus are dying 
before admission to the hospital. 
Tetanus antitoxin remains the only 
specific therapeutic tool at our dis- 
posal, and since a primary focus in an 
infant probably produces at least as 
much toxin as a similar wound in an 
adult, the dosage of antitoxin should 
not be a funetion of the size or age 
of the patient. In spite of previously 
described wide variations in antitoxin 
dosage among our patients, it is our 
opinion that following appropriate 
skin testing, 50,000 units given intra- 
venously and 50,000 units intramuscu- 
larly are adequate. Before leaving 
consideration of immunity, both 
active and passive acquired immunity 
should be mentioned. In severe in- 
feetions even though recovery occurs, 
antibody formation may be sufficiently 
depressed to prevent development of 
protective natural immunity. This 
was demonstrated by-Dudley® in 1928. 
In a more recent paper Cooke and 
Jones felt that antibody production 
was not inhibited, but rather that an 
amount of toxin sufficient to produce 
clinical symptoms might not be an 
adequate antigenic stimulus. In any 


event toxoid should be given these 
patients during convalescence, and 
routine immunizations should not be 
neglected. 

An ideal sedative for use in tetanus 
neonatorum would combine maximal 
sedative and relaxant effect with min- 
imal respiratory depression. It would 
be safe for use over long periods, with 
little cumulative action and would be 
easy to administer without stimulat- 
ing the patient. Unfortunately no 
single drug satisfies all these require- 
ments, and as a consequence a com- 
bination of several is usually neces- 
sary. Amytal, Seconal, phenobarbital, 
Avertin, chloral hydrate, paralde- 
hyde, magnesium sulfate, and ether 
in oil have all been used with variable 
results. Recently the use of Mephene- 
sin has reecived considerable atten- 
tion. Biehl and Helm’ reported on the 
intravenous use of the drug in six 
adults. Relief of trismus, muscular 
rigidity, and opisthotonus, with little 
associated sedative effect and no in- 
hibition of the cough reflex was con- 
sidered striking. On the contrary, 
severe convulsions were not controlled 
except when barbiturates were given 
to the point of narcosis. Significantly 
these authors could not demonstrate 
improved mortality rates from the use 
of Mephenesin.* Santemma and Gra- 
ham*® found the effect of Tolserol* 
lasted only forty-five minutes and also 
concluded that oral administration of 
the drug was ineffective. The six 
infants in this study who received 
Tolserol were given liberal quantities 
of the drug, but by the oral route. 
All died. In spite of serious technical 
difficulties the use of Tolserol, intra- 





*Trade names for 3-ortho-toloxy-1,2-pro- 
panediol. 
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venously, warrants careful trial in 
tetanus neonatorum. 

Curare and its derivatives have been 
tried, but because of the danger of 
paralysis are probably 
contraindicated. The 
and administration of Avertin repeat- 
edly to small infants is difficult. In 
our experience proctitis and associ- 
ated diarrheal fre- 
quently complications of prolonged 
Hepatic damage has been re- 


respiratory 
preparation 


symptoms are 
use, 
ported. 

We feel that phenobarbital in doses 
of 15 to 30 mg. by gavage tube is the 
most satisfactory over-all sedative. 
Not infrequently the drug should be 
injected intramuscularly or intrave- 
nously for more rapid action. Cumu- 
lative effects from repeated dosage 
and attendant oversedation must be 
borne in mind and avoided. In the 
immediate control of generalized con- 
vulsions intravenous Seconal is par- 
ticularly useful. However, Avertin 
or paraldehyde rectally can also be 
used with good effect. 

The maintenance of adequate nutri- 
tion and fluid intake for two or more 
infant who is continu- 
ously and heavily sedated is the great- 
Prob- 


ably gastric intubation with a poly- 


weeks in an 


est single problem in therapy. 


ethylene catheter of small external 
diameter, but relatively large lumen, 
is the best way of giving both fluids 
and formula.?® be taken 
to avoid overdistending the stomach 


Care must 


with resulting vomiting and aspira- 
tion. Following each gavage feeding 
of milk the tube must be flushed out 
with a small amount of distilled wa- 
A eonstant drip into the gavage 
tube can be arranged and in selected 


ter. 


instances has definite advantages. 


During the first critical days of the 
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clinieal course it is frequently desir- 
able to depend entirely on the intra- 
venous infusion of glucose solutions, 
electrolytes, and blood or plasma. 

Penicillin should be given in doses 
of 100,000 units every twelve hours 
for probable in vivo effect on the Cl. 
tetani, and also in an effort to control 
secondary infection. Other antibiotic 
or chemotherapeutic agents are em- 
ployed as indicated to control specific 
secondary invaders. 

The risk of performing surgery on 
a eritically ill infant is great. In ad- 
dition the benefits derived from um- 
bileetomy are questionable. There- 
fore the procedure is not reeommend- 
ed. Tracheotomy has a place in the 
management of individual patients, 
but should never be performed as a 
matter of routine. We resorted to the 
procedure in this group of small] in- 
fants whenever obstruction of the air- 
way due to laryngeal spasm, inability 
to swallow, or aspiration could not 
be handled by other means. 

Finally no single factor is more im- 
portant in caring for the infant with 
tetanus neonatorum than the constant 
attendance of a highly skilled nurse. 
The patient should be placed in an in- 
ecubator with high content, 
and in a dark quiet room since the 
slightest stimulation may provoke se- 
vere rigors. Nursing care must be 
individualized and the possible benefit 
of each procedure carefully balanced 
against the disadvantages of stimu- 
lating the infant in any way. 


oxygen 


SUMMARY AND CONCLUSIONS 


From an experience with twenty- 
six eases of tetanus neonatorum at 
Charity Hospital, New Orleans, be- 
tween 1946 and 1951. it is clear that 
recovery correlates more closely with 
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the length of incubation period than 
with the type of clinical management. 
Prognosis is relatively good if onset 
is after the seventh day of life, but 
is extremely poor if symptoms appear 
earlier. A single liberal dose of anti- 
toxin (100,000 units) is adequate. 
Subsequent to recovery the patient 
should receive toxoid for active im- 
munization. Surgical débridement of 
the umbilical stump in our experi- 
ence is not indicated. Maintenance of 
fluid and electrolyte balance is ecru- 
cial. Carefully controlled administra- 
tion of food, fluid, and, in so far as 
possible, medication through a_ poly- 
ethylene gavage tube is recommended. 
Although several drugs may be re- 
quired for adequate sedation, pheno- 
barbital orally, intramuscularly or in- 
travenously is the most useful single 
agent. Penicillin should be given, and 
other antibiotics added as indicated 
for secondary infection. Continuous, 
highly skilled, and completely indi- 
vidualized nursing care is the most 
important aspect of t).erapy. Finally 


the provision of universally adequate 
obstetrical care would promptly elim- 
inate tetanus neonatorum. 
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AGENESIS (CONGENITALLY APLASTIC OVARIES) IN A 


3-YEAR-OLD FEMALE 


CHARLES H. Cur ier, M.D.,* SacRaMENTO, CALIF., AND Henry K. Siiver, M.D.,** 
San Francisco, Cauir. 


LTHOUGH ovarian agenesis (con- 

genital aplasia of the ovaries) is 
being recognized with increasing fre- 
quency in adult females when sexual 
infantilism calls attention to the re- 
lated gonadal deficiency, this diagnosis 
has seldom been made in children be- 
fore the age of puberty. The purpose 
of this paper is to present a case of 
ovarian agenesis with clinical features 
of short stature, webbing of the neck, 
and ‘‘inereased carrying angle of the 
arms’’ (cubitus valgus) in whom the 
tentative diagnosis was first made at 
the age of 2 years 11 months, and con- 
firmed at the age of 4 years 1 month, 
when exploratory laparotomy and 
biopsy of the ovaries disclosed aplasia 
of these organs associated with a rudi- 
mentary uterus. 


CASE REPORT 


T. L. was first seen by one of us 
(C.H.C.) at the age of 2 years 11 
months, because of shortness of stat- 
ure. This child had been born at term 
after a normal pregnancy, labor, and 
delivery, and had weighed 6 pounds 
(2.73 kg.). The only abnormality 
noted in the neonatal period was ‘‘an 
excess amount of skin in the back of 
the neck.’’ Her nutrition had always 
been adequate and supplemental vita- 
mins had been given since early in- 
fancy. Her first deciduous tooth had 
erupted at the age of 7 months. Motor 
and mental development had seemed 
within normal limits. She had measles 
when she was 13 months old, whooping 
cough at 18 months (neither compli- 
cated nor severe), and sinusitis accom- 
panied by a febrile convulsion at the 
age of 2 years 10 months. The family 


*From The Medical Clinic. 


**From The Division of Pediatrics, Uni- 


versity of California School of Medicine. 





history was negative and no similar 
condition could be traced to any other 
member of the family. There were no 
siblings. 

At the age of 2 years 11 months she 
had weighed 24 pounds 4 ounces (11.0 
kg.), with a length of 31% inches (81 


em.), head circumference 19 inches 
(48.2 em.), wrists 3% inches (8.8 


em.) in circumference, span 30 inches 
(76.7 em.), erown to pubis 19 inches 
(48.2 em.), pubis to internal malleolus 
14 inches (35.6 em.). Webbing of the 
neck was present and cubitus valgus 
(inereased carrying angle of the arms) 
was noted. Blood chemistry studies 
showed fasting cholesterol 203 mg. per 
cent, blood urea nitrogen 14.7 mg. per 
cent, serum calcium 9.2 mg. per cent, 
phosphorus 4.2 mg. per cent, alkaline 
phosphatase 12.9 units per 100 e.c., and 
nonprotein nitrogen (during a period 
of dehydration in preparation for pye- 
lography) 42 mg. per cent. The com- 
plete blood count and urinalysis were 
within normal limits. 

Roentgenograms of the skull showed 
a normal cranial vault, normal appear- 
ing sella turcica, and no abnormal ecal- 
cifieations. Films of the chest showed 
a normal size and shape of the heart 
and clear lung fields. The bony thorax 
appeared normal. Roentgenograms ot 
the long bones revealed epiphyseal de- 
velopment consistent with her age and 
no evidence of achondroplasia, or 
chondrodystrophy, or osteoporosis. In- 
travenous pyelography was performed 
The excretion of dye was good and the 
kidney, pelvis, and the ureters ap- 
peared essentially normal. A tentative 
diagnosis was made of ovarian agenesis 
(Turner’s syndrome). 

She entered the University of Calli- 
fornia Hospital for further study in 
1951 at the age of 4 years 1 month. 
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Physical Examination.—She was a 
cooperative, well-developed and well- 
nourished child, of obviously short 
stature, who appeared of normal in- 
telligence. Her height was 3414 inches 
(88 em.), weight 28 pounds 13 ounces 
(13.1 kg.), chest cireumference 52.5 
em., head circumference 48.5 em., sym- 
physis to foot length 34.25 em., width 
of the chest between the two anterior 
axillary lines was 21 em., crown to 
pubis 51 em., pubis to internal malleo- 
lus 33 em., wrist cireumference 10.5 
em., distance between pubic spines 14 
em., distance between pubic crests 15144 
em. Her skin was dry, without erup- 
tions, and with no areas of abnormal 
pigmentation. Webbing of the neck 
was noted. Increased earrying angle 
at the elbows was present, and she had 
short, stubby hands (Fig. 1). A grade 
1 systolic murmur could be heard over 
the apex of the heart. Peripheral pul- 
sations were good. Blood pressure was 
100/70. 

She was seen by the gynecologic con- 
sultant, Dr. Ralph C. Benson, who 
stated that a very satisfactory single 
digital manipulation revealed ‘‘a mi- 
nute nubbin’’ in the region of the uter- 
ine cervix, but nothing was felt in 
either adnexal region. The uterus 
could not be outlined. 

Psychometric examination was per- 
formed and although it was not com- 
pletely satisfactory because of poor co- 
operation, the intelligence quotient 
was believed to be at least 90. The 
ophthalmologic consultant found no 
abnormality of the eyes. The electro- 
cardiogram revealed a record within 
normal limits. 

Roentgenograms of thoracic and 
lumbar spine showed that the vertebral 
bodies were in good alignment, and 
epiphyses appeared normal. No evi- 
denee of osteoporosis was present. 

Routine urinalysis was within nor- 
nal limits, as was a complete blood 
‘ount. Reaction to the Kolmer and 
Kahn tests was negative. On two oc- 
‘asions assay for pituitary gonado- 
ropins was negative at 5 mouse units 
er twenty-four-hour urine specimen. 





Subsequently it was found to be nega- 
tive at 1.25 mouse units per twenty- 
four-hour urine specimen. The 17- 
ketosteroids excretion was 0.8 mg. in 
a twenty-four-hour urine sample. The 
serum hormonal iodine was 0.5 mg. per 
100 ec. The reactions to. the tuber- 
eulin and Schick tests were negative. 





Fig. 1.—Photograph showing stocky build, 
broad shieldlike chest, webbed neck, and ac- 
centuated carrying angle of elbows. 


On the basis of these findings our 
previous impression that we were deal- 
ing with a case of ovarian agenesis was 
strengthened, but since there was no 
elevation of urinary gonadotropins (as 
had been found in other children that 
we have seen with this condition) a 
definitive diagnosis could not be made. 
On March 13, 1952, the child re-en- 
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tered the hospital. Exploratory lap- 
arotomy and biopsy of the ovarian 
sites were performed by Dr. Ralph C. 
Benson. The uterus was found to con- 
sist of a small tubelike structure in the 
midline which was smaller than nor- 
mal for a child of this age. The Fallo- 
pian tubes on either side were normal, 
but in the ovarian site only a whitish 
streak of fibrouslike tissue was noted. 
Biopsy of tissue from both the right 
and left ovarian sites revealed it to be 
composed primarily of fibrous connec- 
tive tissue (Fig. 2). It contained 
numerous small capillaries but no evi- 
dence of germinal epithelium either 
covering the ovary or in primordial 


JOURNAL 





OF PEDIATRICS 


tropin titer, who was found to have an 
‘‘undeveloped uterus’’ and absence of 
normal ovaries, these structures being 
replaced by narrow streaks of glisten- 
ing, grayish-white tissue which showed 
no evidence of follicular activity. Sub- 
sequently, van Crevald and De Vaal’ 
observed ‘‘a girl 5 years old showing 
a complex of symptoms present in 
eases of ovarian agenesis. There was 
no enlarged excretion of gonadotropins 
such as is typical for the disease after 
puberty has been reached.’’ Complete 
clinical or microscopic findings were 
not presented. Goldman and co-work 
ers® have described an 8-year-old girl 
with shortness of stature, coarctation 





Fig. 2. 


follicles was noted. There were a few 
collections of cells with small dark, 
round nuclei and very secant cytoplasm 
which might represent early granulosa 
cells. The pathologic diagnosis was 
agenesis of the ovaries. 

The child withstood the operation 
very well and the postoperative course 
was uneventful. 


DISCUSSION 


In 1947 Goldberg and associates’ 
reported the first case of ovarian agen- 
esis in a prepubertal female. Their 
patient was a 12!4-year-old girl with 
stunted growth, complete infantile ap- 
pearance, and high urinary gonado- 


Photomicrograph of section of tissue from site 





of ovary. 


of the aorta, and abnormalities of the 
toes. No endocrine studies were re- 
ported and although the patient died 
at the time of operation for correction 
of the cardiae defect, no data were 
given regarding the ovaries. 

Kaijser* deseribed a 10-year-old gir 
with definite cubitus valgus, webbed 
neck, hypertension, normal bone age. 
and moderate osteoporosis. Only on 
assay of gonadotropins was reported 
and that was less than 40 mouse units 
per liter. On examination the uterus 
was found to be hypoplastic with ¢ 
eordlike rudimentary ovary which his 
tologically showed a cortical zone with 
out any primary follicles. Marie and 
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associates’ studied a girl between the 
ages of 13 and 14 years. She had 
shortness of stature, suggestion of 
hypertelorism, webbing of the neck, a 
short systolic murmur, ‘‘ voluminous 
thorax,’’ slender hips, and excellent 
museular development. The clitoris 
was well developed but the genital or- 
gans were infantile. She had an ocea- 
sional pigmented nevus on the extremi- 
ties. Some osteoporosis was noted on 
roentgenograms. (Gonadotropins were 
positive at 25 and negative at 50 mouse 
units. A rudimentary uterus was 
found at exploratory laparotomy and 
the ovaries were elongated whitish 
structures. Wilkins® described a 3- 
year-old patient of Drs. Goettsch and 
Lyttle who had dwarfing, asymmetry 
of face, webbed neck, and coarctation 
of the aorta, and in whom the FSH 
was less than 3 mouse units per day. 
In this child the diagnosis of ovarian 
agenesis was confirmed by laparotomy. 
He also reported a 12-year-10-month- 
old girl with shortness of stature and 
good muscular development who had a 
normal bone age but whose excretion 
of urinary gonadotropins was 192 
mouse units per day. His third pa- 
tient under the age of 14 years was a 
girl 13 years 5 months old with web- 
bing of the neck and coarctation of 
the aorta who was the height of a 7- 
year-old child but had a bone age of 
11 years 6 months and urinary gonado- 
tropin assay of 192 mouse units per 
day. 

Silver? has reported a complete 
study of a proved ease with the char- 
acteristic signs of the syndrome, where 
elevated levels of urinary gonadotro- 
pins were found at the age of 2 vears 
% months. The diagnosis was confirmed 
when exploratory laparotomy and 
biopsy of an ovary disclosed aplasia 
of these organs associated with a rudi- 
mentary uterus. Silver and Kempe* 
lave deseribed two girls with this con- 
lition, aged 8 years 10 months and 12 
‘ears 5 months, who had shortness of 
stature, good nutrition, and muscular 
levelopment, broad shie!dlike chests 
vith widely spaced nipples, abnor- 
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mally small uteri, and markedly in- 
creased excretion of urinary gonado- 
tropins. 

From a review of the pediatric liter- 
ature, the most frequently described 
anatomic, biologie, and clinical pre- 
pubertal manifestations of the syn- 
drome of ovarian agenesis have been: 


(1) Shortness of stature of moder- 
ate degree. 

(2) Good muscular development, 
the patients being strong, well nour- 
ished, and with a broad, shieldlike 
chest. 

(3) Congenital anomalies, such as 
webbing of the neck, cubitus valgus, 
syndactylism, coarctation of the aorta, 
and ocular changes. 

(4) Rudimentary ovarian develop- 
ment. 

(5) Inereased urinary gonadotro- 
pins, 

(6) Moderate retardation of skele- 
tal maturation with delay in epiphys- 
eal closure. 


Shortness of stature was noted in 
every one of the twelve eases in chil- 
dren under the age of 14 years (Table 
I) and was already a noteworthy find- 
ing in the three children less than 3 
years of age. All of the girls were 
stockily built with good musculature 
and had the appearance of normal chil- 
dren somewhat younger than their 
chronological ages. In the eases that 
we have seen, wide spacing of the nip- 
ples producing a _  ‘‘shield-shaped 
chest’’”? was present, and in two in- 
stances it was one of the initial clues 
leading to studies which aided in mak- 
ing the diagnosis. 

Various congenital abnormalities 
have been described in this syndrome, 
including eubitus valgus (increased 
carrying angle of the arm), pterygium 
colli (congenital webbed neck), pes 
cavus at rest, congenital deafness, 
coarctation of the aorta, and various 
ocular abnormalities. Of these, con- 
genital webbed neck, coarctation of the 
aorta, and ecubitus valgus are present 
most often in this syndrome. Webbed 
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neck was reported to be present in 
seven out of twelve patients in the 
pediatric literature; coarctation of the 
aorta in four; while cubitus valgus was 
present in three of the six patients in 
whom the presence or absence of this 
abnormality was mentioned. Our pa- 
tient had congenital webbed neck, and 
a moderate degree of cubitus valgus, 
but no evidence of coaretation of the 
aorta or other circulatory disease was 
found. 

No osteoporosis or delay in the bone 
age in relation to the chronologic age 
was noted in our patient. Although 
osteoporosis has been a relatively com- 
mon finding in the older females, and 
was present in three of the six children 
between the ages of 10 and 14 years, 
it has not been described in any of the 
younger children. Retardation of the 
bone age has been reported in approxi- 
mately one-half of the children but in 
no ease has it been very marked, and 
it would appear that a pronounced de- 
lay becomes more evident after the 
normal age of puberty. 

An inerease in urinary gonadotro- 
pins is one of the most important 
single findings in making the diagnosis 
of ovarian agenesis. Although it was 
not elevated in our patient, increased 
excretion has been found in seven of 
the twelve cases in the pediatric liter- 
ature, including one child at the age 
of 2 years 10 months. In the younger 
children the titers may be elevated for 
the age (our italies), but may be 
within the normal range for adult 
women in the reproductive age. At 
the age when puberty would normally 
be expected to occur the titers will 
reach levels higher than those of nor- 
mal adults. 

From this review of the literature of 
ovarian agenesis in children, it is ap- 
parent that no single diagnostic physi- 
eal variation or laboratory finding is 
present in every instance. The girls 
are short and stockily built, but such 
changes may be seen in other condi- 
tions as well. Webbing of the neck, 


eubitus valgus, coarctation of the aorta 
other 


and congenital abnormalities 
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were noted in many of the patients, 
but they are not indispensable parts of 
the syndrome. When markedly ele- 
vated titers of urinary gonadotropins 
are found in a stocky, short female, the 
diagnosis is almost certain, since exces- 
sive amounts of urinary gonadotropins 
are rarely found in any other disease 
of childhood, but not every child with 
proved ovarian agenesis has had an 
increased excretion of gonadotropins, 
as the present case demonstrated. In 
the adult cases, primary amenorrhea 
and signs of sexual infantilism are 
prominent, but it is possible to make 
the diagnosis at a time of life before 
such findings are evident. 

Ovarian agenesis must be differen- 
tiated from other diseases which re- 
tard growth or modify the develop- 
ment of the sexual organs. In most 
eases, a differential diagnosis may 
readily be made by a suggestive clini- 
eal picture and the performance of the 
proper diagnostic tests, but in some in- 
stances only surgical exploration will 
give a definitive answer. 


SUMMARY AND CONCLUSIONS 


A proved case of the syndrome of 
ovarian agenesis, short stature, and 
multiple congenital abnormalities in a 
2-year-11-month-old female is pre- 
sented. 

Congenital anomalies ineluded 
webbed neck and a moderate degree 
of eubitus valgus. 

At exploratory laparotomy the pa- 
tient was found to have typical whit- 
ish fibrous ‘‘streaks’’ in the ovarian 
sites and a hypoplastic uterus. 

The pediatric literature on ovarian 
agenesis is reviewed. 
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HYPERTROPHIC PYLORIC STENOSIS ASSOCIATED WITH ADRENAL 


INSUFFICIENCY 
GeorGE J. Morec, M.D. 
INDIANAPOLIS, IND. 


HE purpose of this report is to re- 

cord a case of hypertrophic pyloric 
stenosis associated with congenital 
adrenal insufficiency. Both of these 
pathologie states give a similar clinical 
picture early in their course, so much 
so that if a patient has equivocal evi- 
dence of hypertrophic pyloric stenosis 
he should not be surgically explored 
until adrenal cortical insufficiency has 
been ruled out. 

F. G., a 14-day-old white male in- 
fant, was first seen in the emergency 
ward of the Indianapolis General Hos- 
pital. Informant was the baby’s 18- 
year-old mother who stated the child 
was brought in for medical eare be- 
eause of malnutrition, diarrhea, and 
vomiting. 

The patient was delivered normally 
after an uneventful full-term preg- 
naney at a near-by Army Hospital 
with a birth weight of 6 pounds 13 
ounces. Breast feeding was not at- 
tempted due to the mother’s inverted 
nipples. The patient never seemed to 
eat properly, taking only 1 ounce of 
formula (13 ounces evaporated milk, 
19 ounces water, 2 T. Karo) at a time. 
He was somewhat lethargic since birth 
and would have a small, green, semi- 
liquid bowel movement two to three 
times a day. He weighed 6 pounds 
914 ounces when discharged on the 
fifth day. Vomiting began on the fifth 
day of life. It was small in amount, 
brownish at first and then green in 
color. There was no time relationship 
to feedings. On the eleventh day the 
character of the vomiting changed. It 
became projectile and usually occurred 
within one-half hour after feedings. 
The patient became anorexic, very 
lethargic, and lost 1 pound 7 ounces 
during the three days preceding ad- 
mission. 


Address: 3311 N. Meridan St. 





Family history revealed the mother 
had been ‘‘anemie for years’’ and had 
menorrhagia. The father, aged 22, is 
in the U. S. Army and is in good 
health. No history of heredofamilial 
diseases was elicited. 

Physical examination disclosed a 
severely ill white male infant who 
weighed 5 pounds 1 ounce and who 
had a rectal temperature of 99.2° F. 
He was quite lethargic, had depressed 
respirations, and was severely dehy- 
drated. There was visible gastric dis- 
tention with peristaltic waves after a 
feeding of glucose water. One exam- 
iner felt a pyloric tumor. The skin re- 
vealed a severe ‘‘sweat’’ rash general- 
ized but most severe of the sealp. The 
examination was otherwise normal. 
The patient was taken to the x-ray 
department where multiple films of 
the abdomen revealed ‘‘only a _ gas- 
filled stomach. There is no air seen 
in the large or small bowel.’’ Lipio- 
dal study showed pylorie obstruction. 
A tentative diagnosis of hypertrophic 
pyloric stenosis was made and the in- 
fant was admitted to the hospital. Ad- 
mission complete blood count and 
urine were within normal limits con- 
sidering the severe dehydration. Ini- 
tial therapy consisted of parenteral 
fluids, an incubator, and oxygen. Ap- 
proximately twenty-four hours after 
admission he was taken to surgery 
where under ether anesthesia an ex- 
ploratory laparotomy was done by 
Drs. Joseph Manning and Ralph 
Thomas. A large pyloric tumor was 
found and a classical Ramstedt proce- 
dure was done. Postoperatively he 
was given a transfusion and parenteral 
fluids. When oral feedings were at- 
tempted on the second postoperative 
day he again vomited all feedings and 
continued to have loose stools. In 
spite of good wound healing, no disten- 
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tion, good bowel sounds, a trial of 
phenobarbital and belladonna, he con- 
tinued to be unable to tolerate oral 
feedings for four weeks, being main- 
tained on parenteral fluids. On the 
thirtieth hospital day he was dehy- 
drated, acidotic, and weighed 5 pounds 
4 ounces. Adrenal cortex extract 1 
c.c. q. 8 h. in addition to parenteral 
fluids was started and within two days 
he began tolerating oral feedings and 
gaining weight. In a week he was out 
of his ineubator and no longer needed 


oxygen, and weighed 6 pounds 10 
ounces. Blood studies at this time 
showed K*t=—5.1 meq., Na* 14.0, 
Cl = 109 meq. As a therapeutie trial 


the adrenal cortex extract was stopped 
and he went downhill to 5 pounds 15 
ounces in three days. Adrenal cortex 
extract was restarted and he again got 
along well. One week later the adrenal 
cortex extract was again stopped as a 
therapeutic trial and again he went 
downhill. He was restarted on desoxy- 
corticosterone acetate (Cortate) 2% 
mg. daily, with 3 Gm. of salt added 
to his formula. He was released on 
the sixtieth hospital day weighing 7 
pounds 9 ounces. 

He was followed in the outpatient 
department, receiving daily desoxy- 
corticosterone acetate about one 
month. Two months after discharge 
he weighed 12 pounds 12 ounces and 
was on a normal full diet. 


for 


DISCUSSION 


This infant had done poorly since 
birth, with vomiting and diarrhea, 
then the development of signs of 
pylorie obstruction. His adrenal in- 
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sufficiency was masked by administra- 
tion of parenteral saline. The diagno- 
sis became evident when his pylorie ob- 
struction was relieved and he econtin- 
ued to have acidosis and dehydration 
which responded only to adrenal hor- 
mone therapy. Adrenal insufficiency 
must be suspected in a newborn infant 
with diarrhea and vomiting, water 
loss, or failure to gain properly. For 
confirmation the best test is a thera- 
peutic test with adrenal hormones. 
Blood Nat, K*t, Cl, CO. combining 
power, and cosinophil counts and uri- 
nary chlorides are suggestive but in- 
conclusive. 

This case arouses interesting spec- 
ulation beyond the scope of this paper 
to prove or disprove as to the possible 
causal interrelationship of adrenal cor- 
tical insufficiency and hypertrophic 
pylorie stenosis. The hypertrophy of 
the pyloric muscle is categorically sim- 
ilar to fibrotic hypertrophy of the col- 
lagen-rheumatoid diseases which re- 
spond to cortisone and corticotropin 
therapy. The natural history of the 
pyloric muscle tumor is that it recedes 
whether treated with or without sur- 
gery during the time the adrenal cor- 
tex is changing to an adult type an- 
atomically and physiologically. 


SUMMARY 


A ease of pylorie stenosis associated 
with adrenal insufficiency is reported. 
The infant received adrenal hormones 
from age 6 weeks to 4 months. At the 
time of this writing he is 5 months old 
and progressing normally. A possible 
‘ausal relationship between adrenal 
cortical insufficiency and hypertrophic 
pyloric stenosis is postulated. 














CONGENITAL TOTAL HYPERTROPHY OF THE RIGHT 


UPPER LIMB 


‘*RiguHt-ARMED 


ID. M. Morrissey, 


BIRMINGHAM 


HE literature dealing with hyper- 

trophy of various parts of the 
body has been carefully reviewed by 
Ward and Lerner’ who at the same 
time compiled a comprehensive classi- 
fication of the subject. The great ma- 
jority of cases reported deal with con- 
genital hemihypertrophy or acquired 
hypertrophies from various causes. 
True hypertrophy affecting all the 
structures of a limb is extremely un- 
common and I have been able to find 
only one case® comparable to the one 
reported here. 


CASE REPORT 


A. B., a male child, aged 9 years, 
attended the outpatient clinie of Prof. 
F, A. R. Stammers in February, 1952, 
because of asymmetrical growth of his 
arms. 

His earlier history was not quite 
clear, but it was established that for 
at least four years his parents were 
aware that the right arm was noticea- 
bly larger than the left, and that the 
disproportion was inereasing. His 
teacher called attention to the boy’s 
increasing clumsiness in writing with 
the result that the patient had begun 
to practice writing with his left hand. 
Apart from this his progress at school 
was good and equal to boys of similar 
age. The boy himself was aware that 
the right arm and hand were bigger 
and stronger than the left and ad- 
mitted that its hitting power had im- 
pressed his schoolmates. He was the 
elder of a family of two boys and 
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there was no record of any growth 
deformity in the family history. 

Physical Examination.—The  pa- 
tient was an intelligent and normal 
looking boy of 53 inches (134.6 em.) 
in height and weighing 63 pounds 
(28.7 kilograms). Except for the 
right upper limb he appeared to be of 
average normal development for his 
age, and routine systematic examina- 
tion, ineluding x-ray of chest and 
skull, failed to reveal any evidence of 
further disorder. 

The striking feature of the right 
upper limb was its museular develop- 
ment. It recalled the description of 
von Brucke? that the appearance sug- 
gested a wrestler or weight putter 
(Fig. 1). The skin of the right upper 
limb was normal in texture and color 
and was supported by no more subeu- 
taneous fat than on the left arm. 

The hypertrophy affected all the 
muscles of the shoulder girdle, both 
front and back being particularly ob- 
vious in the case of the pectoral, rhom- 
boid, and spinati museles. The power 
was not measured accurately but ap- 
peared to be approximately twice that 
of the left arm for all movements of 
the shoulder, elbow, and wrist. Mus- 
cle coordination in respect of move- 
ment about these joints was normal 
(Fig. 2). 

The hand was the only part where 
deformity was present. The great 
mass of thenar muscles seemed to 
keep the thumb abducted and hyper- 
trophy of the lumbricals interossei 
muscles may have been the cause of 
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between the 
metacarpal heads (Fig. 3 The grip 
was powerful and readily sustained, 
but fine movements were clumsy, and 
the index finger was held habitually 
in a position of gross ulnar deviation 
which, combined with thumb abdue- 
tion, gave the hand a simian appear- 
ance, 


the inereased distances 








Fig. 1 Photograph showing the 
right 
Fig. 2 Photograph showing the hypertrophy 
latissimus dorsi muscle The size 
left hand can be note 


There postural scoliosis to 
the left, apparently due to the weight 
of the girdle, and the pa- 
tient showed a tendeney to stand with 
his head inelined to the right side. 


was a 


shoulder 
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remarkable muscular development and increase in size of the 
arm 








OF PEDIATRICS 


To exclude 
arteriovenous 


Special Examinations. 
the possibility of an 


shunt of any kind within the arm, 
various tests were carried out. (1) 
Compression of the axillary artery 
had no effect on the pulse rate. (2) 


The O, content of the superficial ve- 
nous blood was similar on both sides. 
pressure in 


(3) The blood 


ach arm 


and 


of the 
of the hypothenar muscles in comparison with those in the 


deltoid, the pectoralis muscles, 


was 90/65, and (4) the skin tempera- 


ture gradient was exactly equal on 
each side, although there was a 20 
per cent inerease in oscillometric 


fluctuation on the right. 











MORRISSEY : CONGENITAL TOTAL HYPERTROPHY OF RIGHT 


Fig. 3.—Illustrating the position of ulnar deviation of the right 
span of the right hand. 


Fig. 
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index finger and the increased 





4.-—X-rays of both forearms and both metacarpals (see text.) 
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Veasurements. Measurements of 
the arm were as follows: 
Right Left 
fcm,) fem,) 
Length of arm (acromion 27.9 26 
to external humeral con 
dyle 
Length of forearm 20.9 19.7 
Length of fingers 
Index 7.6 7.6 
Middle 8.6 8.6 
Ring 8.2 7.6 
Little 6.3 6.3 
Maximum girth upper arm 24.8 18.4 
Maximum girth forearm 22.9 17.8 
Girth of palm at thenar 22.6 16.5 
web 
Girth around shoulder at 40.3 28.6 
axilla 
Spine 7th C.V. to A-C joint 17.4 14.6 
Span of hand (thumb to 0.3 16.5 
5th finger ) 
Span of hand (index to 12.7 12.7 
5th finger) 
Hemithorax (at nipple 39.3 34.3 


level—in expiration ) 


X-ray Examination.—X-ray exami- 
nation of both upper extremities con- 
firmed that the increase in size of the 
right upper limb affected the length 
and width of the seapula, clavicle, hu- 
merus, radius, and ulna. The texture 
of these bones appeared normal and 
where comparable measurements could 
be made from the x-ray plates these 
are given. The digital phalanges 
showed no appreciable differences in 
length or strength but the metacar- 
pals of the affected hand, while much 
thicker and stronger than those of the 
other side, were, in some eases, shorter 
and separated considerably at the 
palmar ends (Fig. 4). 


Measurements From X-ray Plates: 
Right Left 
fem.) fem.) 

Radius 19.5 18.5 
Ulna 20.0 19.1 
Seapula from _ interior 12.7 11.0 
angle to superior angle 
Metacarpal 
Ist 3.9 3.7 
2nd 4.2 4.8 
3rd 4.3 +.6 
ith 4.4 4.3 
5th 4.1 4.0 


Distance between metacarpal heads, 


measured at the center of the heads 
of the metacarpals : 
Right Left 
fom.) fem.) 
Between metacarpal 
Znd & 3rd 1.0 0.7 
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COMMENT 

Sir A. Keith* * has put forward the 
theory that true segmental hypertro- 
phy, or by his definition ‘‘local aecro- 
megaly,’’ is a disorder of the mecha- 
nism which produces local hypertro- 
phy from normal eauses (as in a 
blacksmith’s arm). In this ease he 
postulates a local increase in suscepti- 
bility to the growth hormone. He has 
also drawn attention to the promi- 
nence of the nuehal and _ occipital 
parts of the trapezius on both sides. 

Von Brucke? who recorded a case 
similar to mine in great detail noted 
that at birth the hypertrophied limb 
was slightly shorter than its fellow 
but at the age of 3 years this diserep- 
ancy had corrected itself. He also 
noted the fullness of the palm and ab- 
normality of habitual position of the 
thumb and index finger which he at- 
tributed to muscle pull. He quotes 
the views of others that there is a 
tendency for the hyperplastic muscles 
in such eases as these to change to 
fatty tissue with progressive deterior- 
ation in muscular power. There is 
as yet no evidence that this tendency 
has begun in the ease recorded here. 


SUMMARY 


1. A ease of true segmental hyper- 
trophy of the right upper limb is re- 
corded. 

2. Exeept for some diminution in 
ability to perform fine digital move- 
ments, no tendency to loss of muscle 
power has become apparent at the age 
of 9 years. 


It gives me pleasure to acknowledge the 
help and advice I have received from Sir 
Arthur Keith and Mr. A. J. Rains in connec 
tion with this case and to express my thanks 
to Mr. T. F. Dee for the photographic re- 
productions. 
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ACRODYNIA AND MERCURY 


Joser WarRKANY, M.D., ANp DonaLp M. Hupparp, Cu.9. 
CINCINNATI, OHIO 


PAPER by us entitled ‘‘ Adverse 

Mercurial Reactions in the Form 
of Acrodynia and Related Conditions”’ 
was published in March, 1951.%° Al- 
though written in 1949, its publication 
was delayed. Since that time addi- 
tional data have been accumulated and 
at least fifty relevant publications have 
appeared in the literature. The con- 
tributions have come from many coun- 
tries, some of them in journals not 
easily accessible to the American 
reader. Interest aroused by the etio- 
logie relationship between acrodynia 
and exposure to relatively small 
amounts of mereury has also led to the 
discovery of other manifestations of 
mereurial hypersensitivity. The cir- 
cumstances call for and justify an- 
other review of the subject. 

Between October, 1949, and June, 
1952, urine specimens from twetity- 
eight acrodynie children have been ex- 
amined in the Kettering Laboratory. 
Only five patients were observed in the 
Children’s Hospital of Cincinnati; we 
are indebted to pediatricians in other 
cities for urine samples and ease his- 
tories in the remaining twenty-three 
cases. 

In twenty patients the history re- 
vealed exposure to mereury. The 
sources were calomel-containing teeth- 
ing powders in eight cases; calomel 
tablets or powders, five cases; calomel- 
containing worm medicines, four 
eases; ammoniated mercury ointment, 
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Foundation and the Department of Pediatrics 
and the Kettering Laboratory in the Depart- 
ment of Preventive Medicine and Industrial 
Health, College of Medicine, University of 
Cincinnati 
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one case; bichloride of mereury used 
as a diaper rinse, one case. One child 
had been given calomel and _ later 
smeared ammoniated mercury over his 
face and into his mouth.* In two eases 
various drugs and laxatives had been 
prescribed but their composition could 
not be ascertained and in six patients 
no history of exposure to mereury was 
obtainable. 

Mercury was found in the urine of 
eight patients in whom there was no 
definite history of exposure. Signifi- 
cant amounts were also found in the 
urine of seventeen of the twenty chil- 
dren whose histories clearly indicated 
exposure. In three patients from 
whom only single specimens were sub- 
mitted the urine was free of signifi- 
cant amounts of mereury, but it was 
known that these patients had taken 
calomel-containing preparations. Thus 
it was shown that all the acrodynic 
children of this series had been ez- 
posed to mercury. These findings, as 
well as those reported by authors from 
many other parts of the world, sup- 
port the hypothesis that acrodynia is 
an effect of exposure to mercury. 
However, in countries where 40 to 50 
per cent of the children are habitually 
given calomel®! °° observers see that 
hundreds of children ingest mercurial 
preparations without ill effects. It is 
understandable, therefore, that authors 
in Franee,*’ * Belgium,®? and Eng- 
land®? have confirmed our findings but 
are hesitant to accept our conclusions. 
By summarizing all the arguments 
available at the present time we shall 


*Case 3. This case has been reported in 
detail by Silverman and Cassady.” 
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attempt to prove our conception of 
acrodynia as an adverse reaction to 
mereury. 


1. If properly searched for, expo- 
sure to mercury ean be proved in all 
acrodynie children. 

2. In many respects acrodynia re- 
sembles well-known reactions to mer- 
eury. 

3. In some patients acute reactions 
to mereury develop into acrodynia. 

4. The varying age distribution in 
different areas can be explained by 
local ‘‘mereurial habits.’’ 


EXPOSURE TO MERCURY 


As in our present series, calomel has 
been the most frequent source of mer- 
cury in the cases of acrodynia recently 
As pointed out by Fanconi 
fol- 


lows worm treatment with calomel-con- 


published. 


and associates*’ acrodynia often 


taining anthelminties and in many re- 
cent reports these findings have been 
confirmed.” # CS, my Ty 
eases calomel was given for constipa- 
eough,'* * or for un- 


tion,” diarrhea,** 


specified reasons. In England,**‘ 
in the southern United States,'? and in 
Africa, 

the 
Holzel and James 


East calomel was usually in- 


gested in form of teething pow- 


ders. re-examined 
110 children in whom pink disease had 
hospital in 
1930 to 
In ninety-seven cases a definite 
the 
whether or not teething powders had 
Although in 


stances the disease had oecurred many 


been diagnosed in one 


Manchester, England, from 
1950. 
given to question 


answer was 


heen used many in- 
vears before re-examination, it was as- 
certained that 50 per cent of the chil- 
dren had been given mercurial teeth- 
ing powders. In the same area only 
6.9 per cent of the healthy infant pop- 
the habit of taking 
mereurial teething powders. It 
stated the 


ulation were in 
is not 


whether interrogators con- 
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OF PEDIATRICS 
sidered sources of exposure to mer- 
cury other than teething powders. 


Mereurial ointments have been reecog- 
nized repeatedly as the source of mer- 
‘ three in- 


Cury.®: 27 30, 32, 44, 77, 88,90 Ty 
sianees® ** the ointment was not only 
applied to the skin but also inadvert- 
ently ingested. Among these a case 
of Silverman and Cassady” is of spe- 
cial interest because a definite history 
obtained only re- 
the child had had 


acrodynia more than ten years ago at 


of exposure was 


cently, although 
a time when the mercurial origin of the 
disease was not vet recognized. For the 
same reason a report by Wiedemann in 
1944°* is of special value. This author 
deseribed a case of *‘mereury poison- 
with 
ointment in a 3- 


ing’’ following treatment am- 


moniated mercury 
year-old boy who developed agranulo- 
cytosis and acrodynie svmptoms in the 
course of the disease. Two eases of 
acrodynia following the use of bichlo- 
ride of mercury diaper rinse were re- 
ported by MeCoy.*' To these known 
sources of mercury some new ones have 
been added. Fischer and Hodes*® de- 
scribed a case of acrodynia which fol- 
treatment of warts with 
tiodide of mereury given in the form 
of pills. Kirk®* observed an acrodynic 
girl, 21 old, mother 
‘‘denied any exposure to mereury in 
powders, ointments or but 


three days later she brought in some 


lowed pro- 


months whose 


liquids; 


white wafers with which the patient 
had been playing for the last month. 
Her mother said they were chemical 
‘heat tablets,’ and on analysis they 
proved to contain mereurie sulfoey- 
In two instances acrodynia 
given 


anide.’’ 
followed 
for suspected syphilis." 7° These pub- 


mereurial inunctions 
lications are significant since they re- 


fute the statement made sometimes 
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that acrodynia never followed mer- 
curial antisyphilitic treatment. In 
addition to oral and cutaneous admin- 
istration the possibility of rectal ther- 
apy must not be forgotten since some 
suppositories contain mereury.*' How 
difficult it may be to ascertain the 
source of mercury is well illustrated 
by a case reported from Norway by 
Andersen.? In an acrodynie child, 20 
months old, no history of exposure to 
mereurial drugs could be obtained. 
Although the urine contained 368 pg. 
of mereury per liter, analyses of oint- 
ments and medicines which had been 
given to this child were found to be 
free of the metal. This did not satisfy 
the author: ‘‘It was discovered that 
the family lived in the same house as 
another family which had its income 
from a small gilding industry operated 
in the same building. Corrosive mer- 
cury chloride is commonly used in the 
process of gilding and silver plating. 
The owner of the industry denied that 
corrosive mereury chloride had been 
used. It was found out, however, that 
he obtained a license for buying this 
substance and that he had actually 
bought it. The patient’s father used 
to work in the place during spare 
hours and her six year old brother used 
to play there often. It happened that 
the boy brought with him to his home 
articles manufactured in the place. 
Circumstantial evidence of exposure 
to mercury thus seemed to exist in the 
case reported.’ 

These cases illustrate the difficulties 
encountered in attempts to prove ex- 
posure to mereury by history alone. 
The statement that a child has not 
taken teething powders certainly does 
not exclude exposure to mereury. Not 
only are there many other sources of 


mereury accessible to children, but 





they may have escaped parents and 
physicians alike. In an acrodynie child 
exposure to mercury cannot be ex- 
cluded by history alone; even the most 
careful negative history must be sup- 
plemented by a search for mereury 
in the urine. 

In the majority of the cases recently 
reported, mercury was demonstrable in 
the urine when searched for by proper 
methods. Kirk®* and Armaingaud® 
demonstrated urinary mercury in all 
their patients, and so did Denys*® in 
the four patients whose urines were ex- 
amined. Many reports of single cases 
were also positive.'® 2% 27, 41, 59, 63, 73, 77, 81 
Ivady and co-workers® made a valu- 
able contribution by testing serially 
the urine of three acrodynie children 
Meas- 
urable amounts of mercury were found 


and of forty-eight controls. 


exclusively in the urine of the acro- 
Laplane and asso- 
ciates®' showed the presence of the 
metal in eight of nine patients with 
acrodynia. Zellweger and Wehrli® 
found mercury in ten of eighteen acro- 
dynie mercurial 
medications; in four patients with the 
same diagnosis, in whom no history of 


dynie patients. 


patients who had 


such medications was obtained, and in 
eighteen control patients, no mereury 
was detected in the urine. Holzel and 
James** examined ninety-four children 
with active acrodynia. In sixty-one 
(or 65 per cent) increased amounts of 
mereury ranging from 200 to 2,500 pg 
per liter were found. These authors 
state that no abnormal excretion was 
detected in thirty-three (or 35 per 
cent) of the patients but it is not clear 
how many excreted significant amounts 
Debré and 
reporting seven acro- 


under 200 pg per liter. 
collaborators,*” 
dynie patients, found more than 100 


pg of mercury per liter in six of them 





iIinAn 
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{ 








and less than 100 pg in all of their 


twelve controls. James** recovered 


significant amounts of mereury (over 
50 pg per liter) from six typical and 
five atypical acrodynic patients. How- 
fifteen of control 
eliminated 


quantities of mereury, though in lesser 


ever, their sixteen 


patients also measurable 


amounts. This surprising fact will be 
diseussed later. 
Determination of mereury in the 
urine is of particular value in acro- 
dynia when a history of exposure can- 
not be obtained. Such was the case 
in eight patients of our series and in 
= 2 
history 


some reported elsewhere.* ** 


certain instances a_ positive 
was obtained after the results of uri- 
nalysis had proved exposure. On the 
other hand, it must be emphasized that 
oceasionally exposure can be proved by 
history while the urinalysis is negative. 
This was the ease in patients 20, 25, 
and 26 of our series and in several pa- 
tients recently reported.*® ** ® * 
Failure to find mereury in the urine 
while the metal is present in the body 
may be due to various circumstances. 
Insufficient amounts of urine used for 
analysis or employment of an insen- 
sitive method accounts for some of the 
negative results. Such errors need not 
be discussed here, since we have de- 
scribed the method used in our anal- 
and sinee other authors who 
have used different but adequate meth- 
ods have obtained results comparable 


But it must be re-emphasized 


yses”” 


to ours. 
that the urinary elimination of mer- 
cury is capricious and may vary from 
day to day or from hour to hour. This 
Table II lists the 
mereury exeretion of a 
child who developed acrodynia follow- 


is shown in which 


35-year-old 


ing treatment of impetigo with 5 per 


cent ammoniated ointment 


mereury 
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four weeks before onset of the disease 
Al- 


though the acrodynic symptoms disap- 


(Case 10 of our previous series**) : 


peared rapidly, the child’s urine speci- 
mens were examined over a period of 
a year. Usually, morning, noon, and 
evening samples were submitted. 


TABLE II 
URINARY MERCURY 
DATE ug PER LITER 
8/47 5% ammoni 
ated mercury ointment 
applied (about 4 tubes 


of 3 oz. each) 
9/47 Onset of acrodynia 
10/24/47 Admitted to 14 
hospital 
10/26/47 72 
40 
0 
1l/ 3/47 Clinicaily 
improved , 
11/ 8/47 Much im 
proved, discharged 
11/11/47 Clinically well 80 
60 
410 
11/19/47 40 
80 
50 
11/28/47 70 
100 
50 
12/ 5/47 50 
60 
70 
1/26/48 20) 
70 
50 
2/28/48 30 
30 
30 
6/ 2/48 50 
80) 
30 
9/25/48 0 
1/29/49 0 
0 
ih) 


Table II shows that this patient, who 
excreted mercury rather regularly for 
at least nine months, had among his 
first urine specimens one that was mer- 
eury-free. Since it is fairly certain 
that this child was not re-exposed dur- 
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ing the period covered by the deter- 
minations, we can assume that his tis- 
sues contained substantial amounts of 
the metal when the negative sample 
was obtained on Oct. 26, 1947. In an- 
other case of our first series (Case 
27),** the elimination of mercury de- 
creased to negligible quantities before 
death but analysis of a kidney revealed 
large amounts in that organ. Thus, 
since a urine specimen free of mer- 
ecury can be obtained from patients 
whose tissues contain the metal in ap- 
preciable quantities, a single negative 
result does not disprove exposure to 
mereury. We do not know at the pres- 
ent time the factors which inhibit elim- 
ination of the metal, but it is of inter- 
est that French authors*® © found that 
after administration of sodium hypo- 
sulfite, the urine becomes free of mer- 
eury while withdrawal of the drug re- 
sults in reappearance of urinary mer- 
eury. The variability of mereury 
elimination is in no way characteristic 
in- acrodynia alone. Zellweger and 
Wehrli® gave to five nonacrodynic 
children 1 to 1.5 Gm. of calomel dis- 
tributed over two to five days and ex- 
amined the mereury excretion over a 
five-month period. In one case the 
elimination was determined daily from 
the first to the 156th day and graph- 
ically recorded. The graph shows that 
the amount exereted generally de- 
creased during the first three months, 
but that significant amounts continued 
to appear from time to time in the 
urine. The important point is that 
even. in the first weeks after exposure 
the variation in the rate of urinary ex- 
cretion is enormous. For example, on 
the twenty-ninth day, 800 ug per liter 
were eliminated, but on the following 
day none was found in the urine. The 
graph demonstrates that the chances 


of recovering mereury from the urine 
are best in the first three months after 
exposure; but in rare instances nega- 
tive findings may be obtained soon 
after administration of the metal and 
positive findings much later.* 4% ®% % 

That mereury may be excreted by 
healthy children was pointed out in 
our first publication®® and Zellweger 
and Wehrli® showed that this may be 
true over long periods of time and in 
large quantities. They found that the 
daily variations were similar in acro- 
dynie and in nonacrodynie children. 
In no way does this speak against the 
mereury as the cause of acrodynia. It 
is well known that in chronic indus- 
trial mercurialism exposed workers 
may excrete large amounts of mercury 
but only part of them develop signs of 
intoxication.» ** ** Even after mas- 
sive exposure within certain limits, in- 
dividual susceptibility determines 
whether a worker becomes ill or re- 
mains well. Similarly the excretion of 
mereury by children indicates expo- 
sure but not necessarily disease, since 
only a few children exposed to small 
amounts of mercurial compounds be- 
come ill. 

Table II also demonstrates the inter- 
esting fact that a patient may continue 
to exerete mercury seven months after 
recovery from acrodynia and remain 
in a state of good health. This and 
many a similar experience show that 
the metal may be in the body for a 
long time without causing morbid 
symptoms and that it often can be tol- 
erated well after recovery from acro- 
dynia. This tolerance corresponds to 
the ‘‘immunity’’ developed after calo- 
mel disease as described by Fanconi 
and associates.* 

The marked ‘‘spontaneous’’ varia- 
tions in elimination make it difficult to 


hic ARAL Taonn . 


\ 
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evaluate the effect of drugs upon ex- 


cretion of the metal. Numerous auth- 
ors” 27) 5% 61 “! have observed an in- 
crease of excretion of mereury during 


BAL 


consider adminis- 


treatment with (dimereaprol). 
Fischer and Hodes 
tration of this drug a diagnostic meas- 
ure since their patient did not excrete 
mereury before treatment but climi- 
nated large amounts after initiation of 


therapy. In some of the cases of our 


present. series (Cases 1, 8, 16, 21) 
treatment with BAL seemed to have 
this effect, increased elimination fol- 


lowing administration of the drug. In 
results were not ob- 

The pa- 
who were 


other cases such 
served (our Cases 7, 10, 12). 
tients of Bass’ and Hutton” 
known to have been exposed to mer- 
cury did not the metal after 


treatment with BAL, and Bradley and 


excrete 


Howard’s"® patient showed a decrease 


after therapy. Launay and co-work- 


ers®? = found evidence of a marked 


increase of urinary excretion of mer- 


cury after penicillin therapy was 
started. 
Since we do not understand the 


mechanisms of mercurial elimination 
and retention in the tissues, and since 
we know that the daily excretion varies 
considerably, it is difficult to evaluate 
The 


determinations of mercury in the urine 


the effects of therapy. value of 
lies primarily in the fact that they pro- 
vide proof of the patient's exposure to 
mereury; at times they go farther and 
portray the degree of severity of the 
exposure, particularly when the quan- 
tities found are unusually high. 

In summary it may be said that ex- 
continues to be 


posure to mercury 


demonstrated in acrodynie children. 
If a history of exposure cannot be ob- 
tained, analysis of the urine in search 
for the metal should be done. Exrpo- 


Sure can be ruled out only if the his- 





tory and repeated urinary determina- 


lions are negative. 


SYMPTOMATOLOGY OF MERCURIALISM 


AND ACRODYNIA 


In a previous communication, we 
emphasized the variety of adverse mer- 
curial reactions and demonstrated that 
the 
acrodynia 


individual manifesta- 
had 


long ago as manifestations of 


almost all 


tions of been known 
mer- 
curialism. It is not necessary, there- 
fore, to repeat here the review of the 
literature on this subject. In the past, 
mereury was one of the most powerful 
drugs in the the 
physician, and the metal was used to 
an extent inconceivable to the present 
medical generation. The earlier physi- 
cians accumulated a vast knowledge of 
the effeets of mercurial drugs and of 
the state called mereurialism. In 1821 
Dr. James Hamilton, Jun., Fellow of 
the Royal College of Physicians, and 
Professor of Midwifery in the Univer- 
sity of Edinburgh, wrote a book en- 
titled Use and 
Abuse of Mercurial Medicines in Vari- 


armamentarium of 


Observation on the 


9 


ous Diseases.*’ It is impossible to quote 
here all the interesting passages per- 
taining to the subject, but Hamilton 
knew of many adverse mercurial re- 
actions which are present in the syn- 
knew that 
preparations of mercury ‘‘increase the 
action of the heart’’ and produce sali- 
vation, followed by emaciation and de 
bility, and an irritable 
state of the whole system.’’ The sali 


vation, “in consequence of mercury, 1s 


drome of acrodynia. He 


‘‘extremely 


accompanied with more or less loca! 
inflammation of all parts within the 
In some cases, besides the or- 
dinary ulceration of the gums, and 
loosening and final separation of the 
teeth, the tongue, moveable palate, ete., 
swell and ulcerate to a frightful de 


mouth. 
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gree.’’ The erythema mercuriale was 
well known to him and described as 
follows: ‘‘This eruption is usually 
preceded by heat and itching of the 
skin, a frequent pulse, and a white 
tongue. ... The parts affected are first 
of a faint red colour and gradually the 
shade becomes deeper. The eruption 
proceeds by slow degrees over the 
whole surface, accompanied with an 
evident tumefaction of the skin, with 
great tenderness and heat, and most 
troublesome itching the cuticle 
loosens. . . . In some eases the hair and 
even the nails have also separated 
along with the epidermis.’’ The de- 
scription of these cutaneous reactions 
probably refers to acute mercurial re- 
actions, such as those described more 


0 


recently by Harper,’ Bass,® and oth- 
ers, but Hamilton states: **The dura- 
tion of the disease varies from a fort- 
night to eight or ten weeks, or even 
longer.’’ He describes the disturbed 
sleep, with frightful dreams, impaired 
vision, frequent aches and pains in dif- 
ferent parts of the body. ‘‘The con- 
sequences of this effect upon the nerves 
are different upon different subjects. 
In some, temporary delirium takes 
place—in others, palsy or epilepsy 
supervene, and in many the memory 
and judgment are more or less per- 
manently impaired.’’ The general im- 
pression of the condition will sound 
familiar to those who have cared for 
patients with acrodynia: ‘‘ Along with 
all these complaints, there is such a 
wretchedness of look, with such a pro- 
pensity to brood over their miserable 
feelings, that it is extremely difficult 
to persuade the relations or the at- 
tendants of the patient that there is no 
serious indisposition.’’ Hamilton does 
not describe typical acrodynia, but it 
is very likely that he, if confronted 
with a ease of acrodynia, would have 


fr 


considered the possibility of mercurial- 
ism in the differential diagnosis. The 
two conditions have obviously many 
symptoms in common. Hamilton‘ 
dealt with the mercurialism of the 
adult and the symptoms he described 
closely resemble the ease of ‘* Pink Dis- 
reported 


? 


ase Occurring in an Adult,’ 
by Doig,** whose patient happened to 
be treated with a mercurial ointment 
for pediculosis pubis before outbreak 
of the disease. 

One can justifiably object that simi- 
larity of symptoms does not prove 
identity of two diseases and this is 
particularly true if there are such 
common symptoms as irritability, ano- 
rexia, loss of weight, polymorphic 
rashes and the like. But some of the 
manifestations which are shared by 
mercurialism and acrodynia are rare 
and more specific. Looseness and loss 
of apparently healthy teeth, for in- 


stanee, combined with ‘‘shedding’’ of 
the alveolar processes, swelling of the 
gums and profuse salivation, are not 
everyday occurrences in human _ pa- 
thology; but they are characteristic of 
both acrodynia'' and mercurialism.*** 
In some cases recently reported®® °* 
69, 75,77 as eases of acrodynia, such 
oral symptoms occurred and exposure 
to mereury could be demonstrated. 
Under such conditions it seems justi- 
fiable to suspect a more than casual 
relationship between the symptoms of 
mereurialism and acrodynia. 


ACUTE MERCURIAL REACTIONS BECOME 
ACRODYNIC 


The argument advanced in the pre- 
ceding section can be supplemented by 
observations which show that a known 
mereurial reaction may develop into 
acrodynia. Harper’ apparently 

*The changes of the jaw which follow ex- 


posure to yellow phosphorus (“phossy jaw’’) 
differ distinctly from mercurial oral changes.“ 
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pointed out first that the aeute idio- 
syneratie reactions of his patients to 
ammoniated mercury ointment re- 
sembled acrodynia in certain respects. 


In 1944 Wiedemann” 
febrile 


deseribed an 


acute, reaction with agranulo- 
cytosis following administration of am- 
ointment. During 


the 


moniated mereury 


the protracted course of disease 
the author was often reminded of acro- 
dynia, since the patient presented at 
times its fully developed clinical pie- 
The emaciated child had an un- 


ture, 

friendly and dejected expression, the 
hands and feet were moist, cold, 
swollen and eyanotic, and the skin 
desquamated. The patient showed re- 
dueed motility and tremor of the 
hands. A comparable ease was more 


by Williams and 


A 38-year-old girl was treated 


recently reported 
Beach.”° 
ointment 


with ammoniated 


for dermatitis of the sea!p and within 


mereury 


three days she developed a high fever 
and two days later, an erythematous 
rash. Subsequently she showed lymph- 


adenopathy, eosinophilia, and a mor- 


billiform rash. Within three weeks 
‘*the child’s condition suggested elin- 
ical aecrodynia.’’ The patient im- 


proved rapidly under treatment with 
BAL. A Bradley’s™ de- 


veloped an 


patient of 


acute, febrile exfoliative 


dermatitis following application of 5 


per cent ammoniated mercury oint- 
ment. After eight days the rash sub- 
sided, the temperature returned to 


Was dis- 
The child 


remained anorexie and did not thrive. 


and = the 
charged from the hospital. 


normal, patient 


The hair beeame thin and dry and she 
the fol- 
typical 


lost her fingernails. During 


lowing weeks she developed 


acrodynia and was readmitted to the 
hospital, where mereury was found in 


the urine. In this ease, as well as in 
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eases of Baumann* and Wiedemann,* 
acrodynia followed immediately after 
cessation of typical, acute, mercurial 
reactions. In two instances recorded 
by Fanconi and associates*’ short in- 
tervals of well-being separated the 
symptoms of acute mercurialism and 
those of acrodynia. One patient de- 
veloped classical acrodynia two weeks 
after recovery from a febrile measles- 
like calomel disease. The second pa- 
tient was treated for eczema with am- 
ointment and re- 


fever and a 


moniated mercury 


high general- 


Four weeks after disap- 


acted with 
ized rash. 
pearance of the acute symptoms the 
patient showed signs of acrodynia and 
the 


later he presented 


fully developed disease picture. 


eight weeks 
These reports demonstrate that acro- 
immediately or 


idiosyn- 


dynia may follow, 


after short intervals, acute 


cratie reactions to mercury. 


DISTRIBUTION MERCURIAL 


HABITS 


AGE AND 


There is a curious difference in the 
age distribution of acrodynie children 
reported from the British Common- 
wealth and those from the continent of 
Europe. In England and Australia, 
for instance, acrodynia usually oeeurs 
in infants and yvoune children up to 
Fisher*® reviewing 
Manchester, Eng 


2 vears of age. 

sixty-five cases in 
land, records eases in early infaney 
The figures rise rapidly from the ag 
of 4 months to the end of the first vea! 
and show a sharp decline thereafter 
England by 


Another from 


Leys® on thirty-one patients reveals 


report 


that thirty of them were under 2 years 
the mode being at 10 months 
in a study of mortality fron 


of age, 

Logan,®* 
acrodynia, states that in England an 
Wales two-thirds of the deaths wer 
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in children under 1 year, especially 
at ages 6 to 12 months. Of the other 
third, practically all were between the 
age of 1 and 2 years. The same dis- 
tribution was found in a later statis- 
tical study*®* in England which showed 
that the great majority of deaths from 
pink disease occur in babies 6 months 
to 2 years old. In Australia, Southby*? 
records the age of onset of the disease 
in 300 patients. His column-diagram 
shows that 299 of these children were 
under 2 years when the illness began. 
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pearance of acrodynia at the ages of 
3 and 4 years; that is, at an age when 
the disease is a rarity in England and 
Australia. Fanconi and Botsztejn*® in 
Switzerland published a column-dia- 
gram of 101 acrodynie children ob- 
served in the Children’s Hospital of 
Zurich. There 60 per cent of the pa- 
tients were over 2 years of age! 

It appeared worth while to combine 
the findings of Southby and those of 
Fanconi and Botsztejn in one graph, 
since they represent the ‘‘British’’ 
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Fig. 1.—“British” age distribution curve (__.__) and “Continental” age distribution 
 , { eee ) of acrodynic children. The “British” curve is based on the column-diagram 


of Southby*” and the “Continental” curve on that of Fanconi and Botsztejn™® as described in 


the text. 


The greatest age frequency occurred 
in the group 9 months old. Cheek*® in 
Australia lists the ages of 136 acro- 
dynie children of which 87 per cent 
were under 2 years of age. He finds it 
worth while to report a case of acro- 
dynia in a child 514 years old, since 
‘‘it may not be generally realized that 
Swift’s disease can oceur after the first 
two or three years of life.’’ 

On the continent of Europe the sit- 
uation is obviously different. In 
France Péhu and Boucomont™* and 
Solignac®® report the most frequent ap- 





and the ‘‘Continental’’ age distribu- 
tions. To this purpose we calculated 
from their column-diagrams means, 
quartiles, and the first and ninth dee- 
iles. Thus, the comparable curves of 
Fig. 1 were obtained. It is obvious 
that acrodynia befalls different age 
groups in these different areas and any 
etiologic theory of acrodynia must in- 
clude this consideration. 

The mercurial theory offers a satis- 
factory explanation, since we know the 
different ‘‘mercurial habits’’ in these 
areas. Reports from the British Com- 
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monwealth indieate that in those coun- 


tries the use of mereurial teething 


powders is widespread and infants 
and young children are exposed to the 
metal early. Some of them show ad- 
verse reactions, one of which is acro- 
worm treat- 


dynia. In Switzerland 


ments are the ‘‘mercurial habit’’ and 
they are given to older children. It 
follows that acrodynia is a disease of 
an older age group there. Faneoni 
and Botsztejn® have also pointed out 
that in Switzerland calomel disease, an 
acute adverse reaction to mereury, and 
acrodynia show a similar age distribu- 
tion. 

United States the age inei- 


aerodynie children is diffi- 


In the 
dence of 
cult to 
data on this point are available. If 


evaluate, since no statistical 
one considers the age of the children 
reported in our two series as represen- 
tative, one finds the distribution inter- 
mediate the ‘* British”’ 
the ‘‘Continental,’’ the median being 
at 14144 months; but the 
is found at 24 and the ninth decile at 
About 29 per cent of the 


between and 


third quartile 


3% years. 
acrodynie children were over 2 years 
old. In the United States one finds 
that mereurial habits vary in different 
areas. Teething powders are appar- 
ently limited to southern states, where 
common household 


calomel is also a 


remedy. The majority of the patients 
in our series came from the South. In 
northern states worm medicines and 
sublimate used for diaper rinses were 
found to be the mereury. 
Sinee in both the North and the South 


as older children are 


source of 


infants as well 


exposed to mereury, no typical re- 


gional distribution can be ex- 


age 
pected. It must be emphasized, how- 


ever, that our series is small and may 
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not be representative of the conditions 
of the country. 

In Cineinnati, Ohio, acrodynia is ap- 
In the Chil- 
dren’s Hospital, a teaching hospital 


parently a rare disease. 


where rare diseases gravitate, only 
twenty-two cases were diagnosed as 
acrodynia during ten years (1941 to 
1951), and the five patients seen here 
in the last two and one-half years, in- 
cluded in the present series, were sent 
to the hospital from communities out- 
The searcity of 
the 
positive histories of mercury ingestion 
obtainable in our outpatient depart- 
The 100 children 


aged 1 to 2 years were asked whether 


side of Cincinnati. 


acrodynia parallels searcity of 


ment. mothers of 


Only one 
Many 


they used teething powders. 


answered in the affirmative. 


have used mercury-free teething lo- 
tions. Only one of these children had 
been given a worm treatment which 
could have contained mereury. Of 


to 14 vears old, 
five had been given anthelminties, the 


sixty-five children 2 


contents of which could not be ascer- 
tained. 
DISCUSSION 

A review of the literature on acro- 
dynia shows that the mercurial theory 
of its causation has been widely ac- 
cepted, although there still is skepti- 
cism, particularly in areas where the 
most frequent 
habits’’ 
understandable and 


disease is and where 
46, 57, 61, 


‘*mercurial prevail.** 


This 


regrettable. 


is both 


In areas where children are treated 
habitually for vague intestinal symp- 
toms with calomel-containing drugs, it 
often seems that a child is given the 
medication after the onset of acro- 
dynia-like symptoms; and where teeth- 
ing powders are widely used, it may 
appear that these ‘‘soothing’’ remedies 
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are administered after the first and 
nonspecine symptoms of ‘‘pink dis- 
Such an interpretation 
of the sequence of events is hard to 


ease’’ began. 


refute since carly symptoms of acro- 
dynia are notoriously nonspecific and 
therefore present in most children at 
some time. How lacking in specificity 
such early symptoms are, can be gath- 
ered from the fact that they are said 
to be mistaken for teething trouble in 
the British areas and for worm symp- 
toms on the continent. However, such 
‘‘early symptoms’’ are not followed by 
the severe and characteristic manifes- 
tations of acrodynia unless mercurial 
remedies are given. Support for this 
viewpoint is given by the fact that in 
our area as in other places, many chil- 
dren are irritable, fretful, and salivat- 
ing at the time of dentition and have 
complaints of abdominal pain, restless 
sleep, and lack of appetite later; but 
thev are not habitually treated with 
mereurial remedies and their vague 
complaints do not develop into acro- 
dynia. It is not likely, therefore, that 
the calomel given to irritable children 
is merely a harmless medication which 
coincides occasionally with the onset of 
acrodynia. Recent reports have also 
brought out the fact that healthy chil- 
dren may develop acrodynia following 
accidental exposure to mercury or 
after mercurial treatment for condi- 
tions which cannot be interpreted as 
incipient acrodynia. Thus, in Cases 3 
and 21 of this series the patients were 
exposed to ammoniated mercury oint- 
ment which was in the house for the 
treatment of other members of the 
family. In other imstances exposure 
by rou- 


occurred during play,” *° 
tine diaper rinses,** *' or by mercurial 
treatment for warts,*’ pediculosis pu- 
bis,** cerebral damage,* 


8 


and chorio- 
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retinitis.’ One cannot say that such 
patients had signs of beginning acro- 
dynia before they were exposed to mer- 
eury. 

James** opposes the mercurial the- 
ory on the ground that the increase in 
the number of cases of pink disease in 
the past twenty-odd years has occurred 
at a time when the medical use of mer- 
cury has been steadily diminishing. 


_ The fact that physicians do not pre- 


scribe mercury obviously does not pro- 
tect children from exposure in other 
ways. The analytical results of the 
urine reported by James confirm the 
occurrence of such exposure, since not 
only his ‘‘pinks and atypical pinks,’’ 
but also many of his control children 
excreted mereury. We have learned 
that in certain areas teething powders 
and worm chocolates can be bought 
without prescription not only in drug- 
stores but also in groceries. 

Only a few children exposed to ther- 
apeutie doses of mercury develop acro- 
dynia or other adverse reactions. This 
irregular response to mercurial drugs 
is a well-known fact. In England in 
1821, Hamilton*® states with reference 
to mereurialism: ‘‘These morbid ef- 
fects of mereury do not seem to depend 
entirely upon the quantity or mode of 
preparation . . . it is also notorious 
that very small quantities of mercury 
have suddenly proved equally injuri- 
ous.’’ And in modern times the capri- 
cious behavior of mercurial diuretics 
has been rather disturbing to those 
who use them frequently. Thousands 
of injections are given without unto- 
ward effects but occasionally a thera- 
peutic dose results in sudden death. 
Only rarely is this caused by the first 
dose. More often the patient tolerates 
several—in one case 164!—doses before 
the fatal reaction occurs.** The mech- 
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anism of these reactions is not clear: 
they can neither be explained nor pre- 
dicted; yet they cannot be denied. Not 
only the tolerance but also the intol- 
We have 
pointed out before that in one of our 


erance of drugs may change. 


cases the patient continued to excrete 
mereury for a long time after recov- 
and it is known 
recovery from the 


ery from acrodynia, 
that a patient, after 
disease, can be re-exposed to mereury 
without a relapse.°* James*’ considers 
the tolerance of 
acrodynie children argument 
against the mercurial theory. How- 
ever, Bossard'* and Fanconi and asso- 
have demonstrated that after 
disease 


Mereurochrome by 
in 


ciates** 
mercurial 
some children acquire a tolerance for 
Unfortunately, this is not 


rashes or calomel 
the metal. 
always the case and other patients re- 
main sensitive after an adverse mer- 
curial patient 
13) of our first series took a turn for 
the had 
been applied inadvertently to his oral 
co-workers,*" 


reaction. One (Case 


worse after Mercurochrome 


lesions. Fanconi and 
Baumann,* and Laplane and collabora- 
tors®' observed several eases of recur- 
rent acrodynia after repeated exposure 
to mereury. Changes of drug toler- 
ance to intolerance and vice versa are 
not limited to mereury but have been 
observed after administration of nir- 
vanol, penicillin, and other drugs. 
The factors which determine the in- 
tolerance for mercurial drugs are un- 
known. The concept of acrodynia as 
an allergic reaction was first developed 
by Helmick™ and in reeent years 
Fanconi and associates** consider the 
disease a neuroallergie late reaction to 
mereury. According to this theory 
only few children develop acute reac- 
tions after mereury and 
even fewer show such late reactions as 


medication, 
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polyradiculoencephalitis, acrodynia, or 
lipoid nephrosis. However, the con- 
cept of acrodynia as a neuroallergic 
late reaction to mereury has not found 
general approval. It was criticized by 
Denys” because it postulates a selec- 
tive sensitization of the vegetative 
nervous system, and because skin re- 
actions to mereury are only rarely 
positive in acrodynie children. Holzel 
and James** obtained a positive patch 
test in only one of ten actively acro- 
dynie patients and found no increased 
incidence of allergic disorders in their 
patients compared to the general child 
population. Ivady and co-workers*® 
found no proof of allergy in their cases 
However, Daisley and 
associates,?” Mayer,®® Gobbi,“* and 
Bakx and collaborators* contribute 
data which favor the assumption that 
children who ineline to allergie reac- 
tions have an inereased tendency to 


of acrodynia. 


develop acrodynia. 

Allergy can be defined as an altera- 
tion in reactivity resulting from expo- 
sure to an exciting agent and mani- 
fested upon re-exposure to the same 
agent." While some eases of acrodynia 
begin after re-exposure to mercury, 
others commence many weeks or even 
months after administration of a mer- 
eurial drug and without apparent re- 
exposure. This behavior, known long 
ago as a characteristic of mercurial- 
ism,*® ** cannot be called an allergic 
reaction. Urinary excretion studies of 
mereury appear to have demonstrated 
that the organism ean harbor appre- 
ciable amounts of mereury while main- 
taining perfect health, and then, for 
unknown reasons, these innocuous 
stores of mereury become toxic. It 
seems in such cases as if the barriers 
which held the mereury in check break 
down without provocation, or as if the 
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mercury had been converted from a 
nontoxic into a toxie form. 

No useful purpose would be served 
here by arguing the merits of various 
interpretations of the hypersensitivity 
which is observed, but it is important to 
find the factors which render useful 
mereurial drugs dangerous to some in- 
dividuals at certain times, in order to 
learn to predict and prevent these rare 
complications. 

A review of recent publications does 
not show that acrodynie patients have 
had any experience in common besides 
exposure to mereury. The case of 
Daisley and associates”’ is of interest 
because their patient underwent a 
fourteen-day course of antirabies in- 
jections six weeks before outbreak of 
acrodynia. Ten days after completion 
of the preventive therapy she was 
treated with ammoniated mercury 
ointment and subsequently acrodynia 
developed. Ten other patients re- 
ceived the antirabies treatments at the 
same time as the patient but none of 
these suffered a reaction. In Hutton’s 
ease*’ antirabies treatment preceded 
the onset of the disease by three 
months. In several children of our 
series and in some recently reported, 
various immunization procedures pre- 
ceded the onset of acrodynia in addi- 
tion to mercurial exposure. This could 
be purely coincidental or the vaecina- 
tion material may play a role as an 
accessory factor. It is noteworthy that 
many vaccines and sera contain small 
amounts of mercury as preservatives 
which are injected together with the 
biologie material. These small amounts 
of mercurial compounds, which enter 
the body unnoticed, could act as sensi- 
tizing substances. This fact should be 
kept in mind in the analysis of future 
eases of acrodynia. In several in- 


stances vaccination against smallpox 
preceded the development of acrodynic 
symptoms, and some patients were ex- 
posed to bismuth, arsenic, lead, and 
antimony in addition to mereury.” ?* °° 
Such observations deserve attention, 
but so far the results are too heterog- 
enous to account for the secondary 
factors needed for a complete under- 
standing of the etiology of acrodynia. 

The revived theory of adrenal insuf- 
ficieney by Cheek and co-workers**** 
has also failed to reveal the ‘‘nature, 
prevention and cure of acrodynia.’’ 
This theory cannot be discussed here, 
since it has become rather complicated, 
and since not all the findings on which 
it is based could be econfirmed.”* ** It 
should be pointed out, however, that 
neither the findings of a disturbed elec- 
trolyte balance nor those of other 
physiologic constants of the blood are 
in conflict with the mercurial theory. 
By elucidation of the pathologie physi- 
ology of acrodynia valuable contribu- 
tions can be made to a better under- 
standing of mercurialism. 

Acrodynia, although a rare disease, 
has held the interest of pediatricians 
for the last thirty years. The fact that 
the disease usually lasts for several 
months and that it subjects not only 
the affected child but the entire family 
to suffering may account in part for 
this interest. The recovery is not al- 
ways complete and residual neurologi- 
eal defects and behavior problems have 
been observed.®** ** The mortality is 
over 10 per cent?” °° and in England 
585 deaths were ascribed to pink dis- 
ease from 1939 to 1948." But in addi- 
tion to these practical considerations, 
there existed an interest in this disease 
because of the difficulty in explaining 
and in clarifying it. The discovery of 
mereury as the most frequent causa- 
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tive agent of the acrodynie syndrome 
coincides with a general increased in- 
terest in poisons as a cause of diseases 
With the 


used against 


in children. advent of 


powerful drugs micro- 
organisms, the study of their toxic 
side effects emerges as a major medi- 
The fact that drugs, 


tolerated by the majority of patients, 


eal problem.'® 


can be dangerous to a few, cannot be 
ignored, and methods must be found 
to protect those who may be harmed 
by doses therapeutic to others. For 
this reason, the questions raised by 
concern- 


skin 


Fanconi and his co-workers* 
ing allergy, ‘‘immunity,’’ and 
tests to mercury are of general signifi- 
eanee and extend beyond the sphere 
of acrodynia. 

Intolerance to mereury in the form 
of acrodynia has features which differ 
from other drug reactions. Since the 
metal can be stored in the body to some 
extent and intolerance may develop 
long after exposure, morbid symptoms 
may appear weeks or months after the 
child has the 
drug. This late effect makes mercurial 


been given injurious 

drugs treacherous, since the eause of 
- 

The 


relatively small 


the ill effects escapes recognition. 
deleterious effects of 
doses of mercury upon the nervous sys- 
tem, which are seen sometimes in the 
course of acrodynia, add to the pecu- 
liarity of the 
We have already pointed out* that 
brought 


‘‘aerodynie reaction.”’ 


acrodynie reactions can be 
about in exceptional cases by toxie sub- 
stances other than mereury. We men- 
tioned arsenic and gold, and Wiede- 
The 


latter poison causes rashes, pruritus, 


mann** added thallium to the list. 


perspiration, loss of hair, tachyeardia, 


hypertension, and hypotonia, symp- 


toms which certainly are suggestive of 


acrodynia. In the older literature it 
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was asserted repeatedly that acrodynie 
symptoms may appear in the course of 
poliomyelitis.*” ** Such atypical cases 
of poliomyelitis may have been con- 
fused with 
complications of acrodynia, and expo- 
sure to mereury was not excluded at 
that recently Zell- 
weger”™* re-emphasized that acrodynia 


oceasionally neurological 


time. However, 
ean occur during or after paralytic 
poliomyelitis and in association with 
other organic diseases of the brain. If 
this is the case, one cannot expect a 
complete eradication of acrodynia by 
withholding mereurial compounds 
from children. 

The mercurial theory of acrodynia 
has effected a change in the delinea- 
tion of the clinical concept of this dis- 
ease. The nature of abortive cases can 
now be recognized by the proof of ex- 
Protracted 
reactions 


and 
with 
acrodynie signs can be included among 


posure to mercury. 


subacute mercurial 

the ‘‘atypical’’ cases. Some morbilli- 
form prodromal 
exanthemas or megaloerythema, which 
were formerly mistaken for infectious 


diseases and causes of acrodynia, are 


and _ searlatiniform 


now recognized as toxic mercurial 
rashes or calomel disease.*7 The 
Guillain-Barré syndrome has _ been 


known as a complication of acrodynia 
for some time.** °* 
that 

dynia 
treatments*’ or application of a mer- 
and 
cited a 
acrodynia complicated by the Guillain- 
Barré had been 
brought on by mercurial diaper rinse 


Later it was shown 
without 
mereurial 


‘*nolyradiculitis”’ acro- 


may follow worm 


eurial ointment; in a previous 
communication™ we vase of 


syndrome which 
(Case 27). Similarly, a link was estab- 
lished between acrodynia and certain 
vases of lipoid nephrosis which may 
follow the administration of calomel. 
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Fanconi and associates** deseribed two 
eases of benign nephrosis which fol- 
lowed worm treatment with calomel. 
Later Holzel and James in a study of 
mereury and pink disease encountered 
three cases of nephrosis in young chil- 
dren who had been given mercurial 
teething powders and were excreting 
significant amounts of mereury in the 
urine. One of these children also had 
typical acrodynia while in two others 
the syndrome was incomplete. This led 
to a study by Wilson and co-workers” 
on mereury nephrosis in young chil- 
dren following ingestion of mercurial 
teething powders. These examples 
show new facets in the syndrome of 
acrodynia, which are understandable 
if one considers their common mer- 
curial origin. 

Treatment with BAL as_ recom- 
mended by Bivings and Lewis’ has 
been practiced in many recent cases of 
acrodynia. In 1950 Bivings reviewed 
the results of treatment of fifty-one 
acrodynie children.'? Of these, twenty- 
nine recovered rapidly, twelve recov- 
ered gradually, six recovered slowly, 
one failed to respond, and three died. 
In our present series eighteen patients 
were treated with BAL. Of these, four 
patients recovered rapidly, eight grad- 
ually, three slowly; the outcome was 
unknown in three cases. There were 
no deaths. In_ recent publications 
rapid recovery after BAL therapy was 
reported by Andersen,? Bakx and col- 
laborators,* Bancroft and co-workers,’ 
v. Creveld,*! Hutton,®® Ivady and asso- 
ciates,°° Kirk,°* Peeters,** and Wil- 
liams and Beach*’ 
ment by Bass,’ Bradley and Howard,"* 
Daisley and associates,*’ Fischer and 
Hodes,*® Frankel,’ Holzel and 
James,°"* Laplane and _ co-workers,” 
McCoy," and Silverman and Cas- 


; gradual improve- 
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sady*‘; and no response by Denys* 
and Laplane and associates (Case 2).* 
It is not clear why some patients show 
dramatic improvement while others 
fail to respond. Long duration of the 
disease before the institution of treat- 
ment with BAL may account for some 
of the failures,*? but in other instances 
rapid recovery ensued, although the 
intervals between onset of symptoms 
and treatment were several months.” 
* 98 Adverse reactions to BAL were 
mentioned by Bivings,’? Beale and 
Sechrum,® and Daisley and collabora- 
tors.?? 

Launay and _ associates® recom- 
mended treatment of acrodynia with 
penicillin, since they observed an in- 
creased elimination of mercury after 
administration of this drug. In some 
cases this treatment seemed to be suc- 
cessful'® *' °° hut it failed in others.’” 
25, our Case 2 

It would appear that sufficient evi- 
dence has been accumulated to demon- 
strate that relatively small amounts of 
mereury can produce acrodynia and 
associated disorders. It is to be hoped 
that the mercurial theory will be tested 
soon in areas where acrodynia is en- 
demic by a concerted effort of physi- 
cians, druggists, and manufacturers of 
unnecessary mercurial preparations.” 
If teething powders must be given, 
there is no need to add mereury to 
them. Teething lotions free of mer- 
cury seem to be just as effective in 
soothing mothers and children as the 
potentially dangerous preparations. 
The same holds for the habitual treat- 
ment of vague complaints by mercurial 
worm treatments. Even when intes- 
tinal parasites are found, it is not 
necessary to prescribe calomel. Fan- 

a 


econi and Morf,** discussing asecariasis, 


stressed the dangers of treatment with 





vi 











384 THE 


mercurial preparations, and we sug- 
gested that santonin and mild mer- 
curous chloride and other vermifuges 
containing mild mercurous chloride 
ean be replaced by more effective 
agents.** This suggestion is appar- 
ently not new, since Hamilton in 1821 
came to similar coneclusions*®: ‘‘ Mer- 
curial anthelminties being thus dan- 
gerous, it is obvious that their use 


could be sanetioned on the principle 
of necessity, viz. that no other equally 
efficacious medicines for the expulsion 
of worms were known. Fortunately, 
however, this is not the ease, as there 
are many different articles of the ma- 
the 
vermifuge power, and are perfectly 


teria medica which possess same 


safe in their operation.’’ It remains 
to be seen whether this admonition will 
be heeded after a lapse of 131 years. 
We this review 
some adverse and serious reactions to 


have discussed in 
mereurial drugs and suggested that 
their indiscriminate use be abandoned. 
compounds can be 


Since mereurial 


very harmful to some children, their 
use as household remedies should not 
be tolerated. Also they should not be 
How- 


ever, many mercurial drugs are effec- 


used routinely by physicians. 


tive when used judiciously, and they 


should not be disearded. Some of the 


modern drugs which have replaced 
mereury in recent years also produce 
deleterious side effects'’’® and their 


comparative risks have yet to be eval- 
uated. 
SUMMARY 

A series of twenty-eight new cases 
of acrodynia is reported. In all cases 
exposure to mereury could be demon- 
strated by history or by urinalysis. 
The recent literature on mereury, and 
acrodynia and related diseases is re- 


viewed and discussed. 
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Psychologic Aspects of Pediatrics 


JUVENILE DELINQUENCY 


Harry Baxwin, M.D. 
New York, N. Y. 


HE term delinquency refers to re- 

peated acts, committed by a juve- 
nile, of a kind which, if they were com- 
mitted by an adult, would be punish- 
able as crimes. This definition excludes 
children who occasionally come into 
conflict with the law. Petty crimes, 
for example, pilfering, are so wide- 
spread among children as to be consid- 
ered a part of the normal develop- 
mental process. 

Delinquency is inereasing. Court 
statistics, gathered by the Children’s 
Bureau, show a rise of 19 per cent in 
the cases handled by the courts in the 
United States between 1948 and 1951. 
Approximately 350,000 children come 
before the juvenile courts each year. 
In certain years as many as one-third 
of the persons arrested for automobile 
theft and for breaking and entering 
are juveniles (aged 10 to 17 years). It 
is significant that less densely popu- 
lated areas (population less than 100,- 
000) are experiencing even sharper in- 
creases than the larger communities. 

When a juvenile is apprehended by 
the police for a delinquent act he may 
be dismissed with a warning, placed in 
the eustody of his parents, or detained 
for a court hearing. About one-fourth 
of the juvenile lawbreakers are re- 
ferred to court. Once in court the 
youngster may be discharged, placed 
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on probation, or committed to a train- 
ing school or some other type of foster 
care. 

In 1950 Sheldon and Eleanor Glueck 
of Boston reported a comparative 
study of 500 delinquent and 500 non- 
delinquent boys. The boys varied in 
age from 11 to 17 years and were 
matched for age, ethnic origin, and 
general intelligence. The children of 
both groups lived in poverty or near- 
poverty and resided in underprivi- 
leged urban neighborhoods. The 
Gluecks’ report gives a clear picture 
of the various aspects of the delin- 
quent boy. 

One of the most significant facts 
brought out by their studies is the 
early age at which delinquents begin 
to get into trouble. In many, difficul- 
ties such as disobedience, unruliness, 
defiance, stubborness, temper tan- 
trums, begin in kindergarten or first 
grade. Nearly half of the delinquents 
studied by the Boston workers were 
in some trouble before their eighth 
year and another two-fifths before 
their eleventh year. 

Though normal boys frequently 
commit minor transgressions such as 
hopping trucks, petty pilfering, occa- 
sional truancy, and smoking, delin- 
quents generally give a history of per- 
sistent and serious misbehavior such 
as burglary, various forms of larceny, 
automobile theft, crimes against the 





vi 












publie order, running away, truancy, 


assault and battery, and the like. 
(Court appearances and convictions 
take place early (average age 12.4 


years) and are repeated. 

In their emotional attitudes the law- 
breakers tend to be hostile, defiant, re- 
sentful, suspicious, socially assertive. 
They have a strong feeling that they 
are not being appreciated. In addi- 
tion they tend to be parasitic, desiring 
to be looked after without their mak- 
behalf, and 


ing efforts on their own 


they have a strong desire for power 


and position. Their behavior is on 
the whole uncooperative, unconven- 
tional, nonsubmissive to authority, in- 


Other 


egocentricity, 


dependent, and uninhibited. 


traits are stubborness, 
lack of self-criticism, sensuality. Their 
social, sexual and family relationships 
are less satisfactory than those of law- 
abiding boys. Conflicts are often ex- 


pressed in action, sometimes in feeling, 


rather than being suppressed’ or 
bottled up as in the ease of other in- 
dividuals. On the other hand they 
suffer less than normals from such 


emotional attitudes as anxiety, feelings 
of insecurity, helplessness and power- 
fear of and 
Bronner emphasize that 


lessness, failure defeat. 


Healy and 
the delinquent is a dissatisfied person. 
The 
quent boys is, in general, poorer than 
expect from intelli- 
They tend to be uninter- 


school performance of delin- 


one would their 
gence level. 
ested, inattentive, careless, lazy, and 
are frequently left behind. They have 
little if any drive for formal training 
of any sort and give little thought to 
planning for the future. They mis- 
behave frequently at The 
after-school jobs which they select are 


schoc | ‘ 


principally street trades such as ped- 
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dling, boot blacking, and selling news- 
papers and less often jobs such as of- 
fice workers or store helpers where 
they are subject to a certain amount 
of supervision and protection. 

As leisure time pursuits delinquent 
boys generally seek adventurous activ- 
ities rather than competitive sports or 
The ae- 
tivities chosen are stealing rides, hop- 
ping trucks, roaming the streets after 
drinking at an 


games or quiet amusements. 


dark, smoking and 
early age, destructive mischief, run- 
ning away, firesetting, gambling. The 
greater thirst for excitement is further 
their attend- 


expressed in excessive 


anee at movies. 
ETIOLOGY 
Students of the subject are agreed 
that the make a child 
delinquent are many and varied. No 


factors which 


single cause can be found. The fol- 
lowing factors, though not operative 
in every case, are found in higher pro- 
portion among delinquent than non- 
delinquent children. 

Physique. According to the Gluecks, 
delinquent boys as a group are stur- 
dier, more masculine, and more mus- 


cular than nondelinquents. Bodily 
disproportions are less frequent. 
Family background. The family 


backgrounds of delinquent boys are, 
by and large, inferior to those of law- 
abiding boys from the same socioeco- 
nomie environment. The incidence of 
emotional disturbance, mental retarda- 
tion, aleoholism, and criminal behavior 
is likely to be high. The parents show 
less effort to set up decent standards 
of conduct for their children, are less 
ambitious for themselves and their off- 
spring, do little planning for the fu- 
ture, and are on the whole less self- 


respecting. 
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The homes are often unstable and 
are frequently broken by separation, 
divorcee, death, or prolonged absence of 
one of the parents. A warm emotional 
tie between parents and child is un- 
usual. The mothers tends to be lax 
and to pay little attention to the boys’ 
misbehavior. They are often incon- 
sistent in their disciplinary attitudes. 
The fathers, on the other hand, are 
more often overstrict and resort fre- 
quently to physical punishment. The 
families change their residence fre- 
quently so that the boys have little 
chanee of establishing neighborhood 
ties. 

The parents may be characterized as 
showing little understanding, affection, 
stability, or moral fiber and as being 
generally unfit to be proper guides and 
protectors or suitable objects of re- 
spect for their children. 

It would appear that certain chil- 
dren are so constituted as to make 
them more susceptible to influences 
leading to delinquency. The Gluecks 
point to a temperament which is rest- 
lessly energetic, impulsive, extro- 
verted, aggressive, destructive; an at- 
titude which is hostile, defiant, resent- 
ful, suspicious, stubborn, socially as- 
sertive, adventurous, unconventional, 
nonsubmissive or ambivalent to author- 
ity; an intellect which tends to direct 
concrete rather than symbolic and ab- 
stract expression and which lacks a 
methodical approach to problems. 

An important factor, which may ex- 
plain in part at least the current in- 
crease in delinqueney, is the dwindling 
ability of church, state, and commu- 
nity to influence the individual to be- 
have in accord with the will of the 
group as a whole (Tappan, 1949). As 


moral and conventional norms are los- 





ing their force, more and more of the 
responsibility for control has been 
shifted to the state and its courts and 
these have proved to be ineffectual in 
curbing lawless behavior. 

The following have been found to be 
of little or no influence in leading to 
delinquent behavior: 

The health status of delinquent dif- 
fers in no essential way from that of 
law abiders. 

Economie status. Poverty does not 
appear to be a prominent factor lead- 
ing to delinquency. Nor do conditions 
of prosperity reduce delinquency. It 
is true that the delinquency rate rose 
somewhat during the depression years 
1929 to 1933 but the rate rose much 
more sharply and to a much higher 
level than ever before in 1943 and has 
continued to inerease ever since. Ex- 
tensive slum clearance since the war 
has also been without beneficial effect. 

Intelligence. The proportion of 
feeble-minded among delinquents is 
somewhat higher than in the general 
population. This is due, in part at 
least, to the greater likelihood that the 
defective will be more readily appre- 
hended. The proportion of mental de- 
fectives that are delinquent is small. 
The average I.Q. of lawbreakers is not 
far below average. 

Membership in gangs has been given 
a prominent place in the etiology of 
delinquency. The findings of the 
Gluecks do not bear this out. Though 
over half the lawbreakers in their 
study group joined gangs, in contrast 
to only 0.6 per cent of the nondelin- 
quents, the delinquents revealed their 
antisocial behavior long before they 
became gang members. ‘‘Gang mem- 
bership may have multiplied their 
antisocial activities, it rarely orig- 
inated persistent delinquency.”’ 
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Conflicts between a foreign culture 
of the parents and their American- 
born sons, often considered a prom- 
inent faetor in bringing about delin- 
quent behavior, was of no influence in 
the group studied by the Gluecks, the 
proportion of foreign-born parents be- 
ing the same in the delinquent and 
nondelinquent groups. 

Psychiatric disorders. Neither the 
psychoneuroses nor the psychoses ap- 
pear to play a prominent part in the 
etiology of delinquency. According to 
the Gluecks the psychopathic person- 
ality is rarely found in delinquents. 
Neuroticism is also unusual but a num- 
ber of isolated neurotic symptoms are 
found frequently in delinquents—com- 
pulsions, need for self-punishment, 
symbolie expression of repressed urges, 
aggression, feeling of being abandoned, 
adventurousness, suggestibility, stub- 
bornness, :conflicts arising out of an 
inability to adjust to the family and 
out of problems related to sexual iden- 
tification. 

Regarding the relation of play ac- 
tivities to delinquency Tappan con- 
siders that the following generaliza- 
tions are fairly clear: 

‘1. Being a good athlete is no de- 
terrent at all to delinquency. 

‘*2. Experience in team play 
through recreation can have no signifi- 
cant amount of carry-over to general 
character traits or conduct patterns. 

**3. Even highly organized recrea- 
tional activities do not absorb enough 
of the energy or time of a child to re- 
duce appreciably his opportunities to 
engage in delinquency. 

‘‘4. In fact a play group may itself 
help to stimulate its member to illegal 
activities, engaged in ‘for fun’ after 
their games are over; the probability 
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of this is increased when delinquent or 
near-delinquent members are in the 
group. 

‘*5. Many of the recreational pro- 
grams do not in any event reach those 
children who are presumed to need 
the most because of their problems of 
health or delinquency. 

‘*6. If a child is disposed toward 
law violation it will require 
more than games and sports to do any- 
thing effective about it. 

‘*7. Where children have come to 
enjoy their delinquencies as games— 
so commonly the case—the thrills thus 
provided are usually greater than 
those which organized recreation can 
provide. The latter can be urged as a 
substitute not for their intrinsie com- 
petitive appeal, where they are at a 
disadvantage, but only on social and 
moral grounds.’’ 


much 


PREVENTION 
As yet, no effective means of pre- 
venting delinquency has been discov- 
ered. The idea of Dr. Richard Cabot 
that supplying the ‘‘predelinquent’’ 
boy with an adult ‘‘friend’’ who would 
stand by him through thick and thin 
and who would make available to him 
the opportunities and moral guidance 
that parents normally supply was 
tested by Powers and Witmer and 
found to be effective only occasionally 
in preventing future misbehavior. 
The Gluecks propose an integrated 
approach to the problem through the 
individual himself, the family, the 
school, and leisure-time pursuits. They 
would submit children to early and 
repeated personality examination in 
order to detect distortions of emotional 
development at a stage when it might 
be possible to effect changes. Family 
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counselling might help to avoid and 
correct some of the evidences of dis- 
ruption in the home. The school needs 
a more individual and personal atti- 
tude. As for leisure-time pursuits, 


settlement houses, school community 
eenters, church centers, boys’ clubs, 
and the like must take into account 
the preferences of these adventure-lov- 
ing boys who dislike supervision. 
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THE USE OF HYALURONIDASI 
HEMOPHILIC 


HE enzyme, hyaluronidase, pro- 
duced commercially as an organic 


tissue extract from the gonads of 
bulls, has been used to advantage in 
a number of clinical conditions. This 


enzyme is capable of depolymerizing 
and hydrolyzing hyaluronic acid, a 
mucopolysaccharide which constitutes 
the chief component of ground sub- 
stance, present a gel in inter- 
cellular substance, and which 
known to occur in body fluids such 
as vitreous humor and synovial fluid. 
The fundamental mechanism of action 
of hyaluronidase lies in its power to 
decrease viscosity and increase per- 
meability, which brings about a 
freer flow of fluid through intereellu- 
lar spaces. Likewise, where there is 
greater dispersion, areas for fluid ab 
sorption are extended.' 

At the suggestion Britton and 
Habif,? who noted that hyaluronidase 
ean hasten the absorption of blood 
from a joint, MaeAusland and Cart- 
land' have made use of this physio- 
logic principle by employing the 
enzyme in the treatment of hemo- 
philic patients who develop hemar 
throsis. In a report which appeared 
in one of the November, 1952, issues 
of the New England Journal of Medi- 
cine, MacAusland and Gartland re- 
view their experience with the treat- 
ment of hemarthrosis in six patients, 
in whom thirteen episodes of hemar- 
throsis occurred. These authors ob- 
served that along with the property 
of inereasing diffusion, hyaluronidase 
has the further effect on the joint of 
decreasing viscosity ot synovial fluid, 
and increasing the permeability of the 
synovial membrane. As the result of 
these experiences, the authors recom- 
mend that, in addition to the usual 
treatment employed for aeute hemor- 
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rhage into a joint, and if indicated, 
prompt infusion of the patient with 
plasma or fresh blood, hvaluronidase 
mixed with 1 per cent procaine be 
instilled into the affeeted joint. 
Their procedure in brief is as fol- 
lows: Under strict aseptic conditions 
a few cubie centimeters of joint fluid 
are aspirated and with the needle 
still in place, a preparation consisting 
of approximately 1,000 turbidity-re- 
ducing units hyaluronidase mixed 
with | per cent procaine are instilled 
into the joint. Preeaution is taken to 
instill into the joint a smaller volume 
fluid than that which has been 
aspirated from it. These authors 
found that, a rule, about 4 to 
of instilled fluid the usual 
quantity for major joints. Following 
this procedure, the joint is bandaged 
securely by means of an Ace bandage 
in order exert external pressure. 
Such mechanical pressure 
diffusion and allows greater absorp 


of 


ol 
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tion to take place. No attempt is 
made to move the joint for twenty- 
four hours. If, at the end of the 


twenty-four-hour period, re-examina- 
tion reveals significant evidence of 
blood still in the joint, the procedure 
is repeated. If the first treatment 
seems to have been adequate, the joint 
is rebandaged and observed for an 
other twenty-four-hour period. In the 
experience of MaeAusland and (art- 


land, most of the patients were in 
good eondition at the end of forty 
eight hours, and in many instances 


were allowed to go home. Full use of 


the joint was permitted and en 
couraged. 
These authors inelude a_ detailed 


analysis of their eases in which the 
individual results are summarized: 
eight elbow joints, three ankle joints, 
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‘ 
one knee joint, and one shoulder joint 
were treated in this manner. In 
eleven of the thirteen instances of 
hemarthrosis, rapid relief of pain and 
rapid restoration of normal range of 
motion were observed. In the majority 
of patients pain was greatly relieved 
by the end of the first twenty-four 
hours, and was absent completely by 
the end of the second twenty-four-hour 
period. As a general rule, the former 
‘ange of motion of the joint was 
restored by the end of the forty-eight- 
hour period. 

In a final critical analysis of the re- 
sults in the thirteen episodes of hemar- 
throsis, eleven were classified as “re- 
sult, satisfactory,” one as “fair to 
satisfactory,” and one as only “fair.” 
The age range of these six patients 
was, respectively, 22, 15, 10, 9, 9, and 
4 years. While no reactions to the use 
of hyaluronidase were observed, and 
no toxic manifestations were apparent 
in the six patients, the possible danger 
of procaine reaction must be kept in 
mind and anticipated. 

The chief difficulty encountered was 
technical, that of joint aspiration it- 
self in the younger and uncooperative 
patient. The authors urge that the 
young patient receive adequate seda- 
tion before aspiration of any joint is 
attempted. 

Judging from the experience of 
these authors, it would appear that the 
enzymie substance, hyaluronidase, may 
have a definite place in the treatment 
of hemarthrosis in the patient with 
hemophilia. The extreme disability 
which usually follows repeated hemor- 
rhage into the joint in the hemophilic 
patient is well known to the practicing 








physician. The long hospitalization 
necessary, and the prolonged and 
rather unsatisfactory care of joints 
crippled in this way, have been empha- 
sized by orthopedic specialists for 
many years,* * and crippling of this 
type has been considered a major 
problem in the care of the patient 
with hemophilia. 

The use of hyaluronidase in condi- 
tions other than hemophilia, such as 
sprains, fresh fractures, orthopedic 
problems resulting from edema and 
hemorrhage, hematoma, ete., is being 
studied by MacAusland and Gartland 
at the present time. <A report con- 
cerning results in this broader field 
will be forthcoming in the near future. 

Since the number of hemophilie 
persons in the United States, based 
on registration at the National Hemo- 
philia Foundation, is of the order of 
forty thousand, such a substance as 
the enzyme, hyaluronidase, should 
prove of considerable clinical value in 
dealing with one of the serious com- 
plications of this disease. 


RusseEuu J. BLATTNER 
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Lieutenant Colonel Leo J. Geppert, who 
has been chief of the pediatric service at 
the Brooke Army Hospital, Fort Sam Hous- 
ton, Texas, for the last seven years, has been 
transferred to the Tokyo Army Hospital as 
chief of pediatrics and theater consultant 
for the Far East Command. 


Martin has been elected 
York 


Dr. Alexander T. 


president of the New Academy of 


Medicine. 


A fellowship in 
the University of Utah is being offered for 


Pediatrie Cardiology at 


one year starting July 1, 1953. Both 
clinical and laboratory training in con- 


genital and rheumatic heart disease will be 
given, and will include cardiac catheteriza 
angioecardiography. Applicants 


tion and 


basis of former 
The 
unmarried 
fellow. 


will be considered on the 


training and military status. annual 


stipend will be $3,000 for an 
fellow 


Applicants should write to Dr. L. George 


and $3,600 for a married 


Veasy, Department of Pediatrics, Univer- 
sity of Utah College of Medicine, Salt Lake 


General Hospital, Salt Lake City, Utah. 


The Cook County Graduate School of 
Medicine 
course on “The Diagnosis and Treatment of 


announces a two-week intensive 


Congenital and of Rheumatic Heart Disease 
in Infants and Children,” presented by 
M. Gasul, M.D., and Egbert H. 


Jenjamin 


News and Notes 


Fell, M.D., and associates, from May 18 to 
May 30, 1953. For a circular giving full 
information, write to: Registrar, Cook 
County Graduate School of Medicine, 707 
South Wood St., Chicago, Ill. 

Two-Week Postgraduate Course in General 
Pediatrics, Burnham Memorial Hospital for 
Children, General Hospital, 
Boston, under the auspices of the Harvard 
Medical School and direction of Dr. Allan 
M. Butler, professor of pediatrics, June 8 
1953. 


a broad review of pediatrics emphasizing 


Massachusetts 


through June 20, Clinies providing 
the new advances will be given daily from 
9:00 a.M. to 4:30 P.M., by selected authorities 
from the pediatrics and specialty services of 
the Massachusetts General Hospital and the 
Medical 
information 


Children’s Center, 3oston. For 
Dean, 
Courses for Graduates, Medical 


School, 25 Shattuck Street, Boston, Mass. 


further write Assistant 


Harvard 


The Institute of Experimental Medicine 
of the University of Montreal, of which Dr. 
Hans Selye is Director, issues each year a 
volume Annual Reports on Stress. Dr. Selye 
and the co-editor, Dr. Horava, request that 
authors of articles pertaining to ‘‘stress’’ 
and the so-called ‘‘adaptive hormones’’ as 
ACTH, corticoids, substances, 
etc., supply the Institute with reprints of 
their articles for use in preparation of this 


adrenergic 


annual report. 





Book Reviews 


Diseases of the Nervous System in Infancy, 
Childhood and Adolescence. Frank R. 
Ford, M.D., ed. 3, Springfield, Ill, 1952, 


Charles C Thomas, 1181 pages. 


A new edition of Ford’s Diseases of the 
Ford’s text has become the 
of the 

This 
new edition, the last was published in 1945, 


Nervous System. 


standard reference text on diseases 


nervous system for the pediatrician. 
has been enlarged and much of it rewritten 
to keep it abreast of the many recent develop- 
ments in diagnosis, and in treatment due to 
improved surgical techniques and the use of 
antibiotics which have taken place in recent 


vears. 





1952 Year Book of Pediatrics. 
Sydney S&. M.D., Chicago, 
Year Book Publishers, 423 
$5.50. 


Edited by 
1952, 


Price 


Gellis, 
pages. 


The 1952 Year Book of Pediatrics is edited 
by Dr. Sydney 8. Gellis of Boston, who has 
succeeded Drs. Poncher Richmond of 
Chicago. It follows the usual formula cover- 
ing pediatric literature from June, 1951, to 
May, 1952. 


and 


Dr. Gellis has made an excellent 
selection from the American limited 
selection from foreign literature. We are 
happy to note the editorial comments started 
by Dr. Poncher have been continued. Dr. 
Gellis has also gone to specialists in certain 


and a 
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fields for comments on the importance of cer- 
tain of the articles abstracted. The abstracts 
are clear and well written. The pediatric and 
medical journals have been generous in allow- 
ing the reproduction of a number of the 
illustrations in the original articles which 
add to the attractiveness of the book. 


Human Milk. Yield, Proximate Principles 
and Inorganic Constituents. 8S. D. Mor- 


rison, B.Sc., 1952, Commonwealth Agricul- 
tural Bureaux, Farnham Royal, Slough, 


Bucks, 91 pages. Price $1.50. 


In this monograph Morrison has collected 
and studied the important investigations on 
the yield and constituents of human milk ex- 
cept the vitamin content. Vitamin content 
was the subject of a special report by Kon 
and Mawson for the Medical Research Coun- 
cil in 1952. The study shows the wide varia- 
tion in the nitrogen, fat, and lactose content 
of samples of human milk. It is interesting 
to note that the author could find little or no 
evidence that the yield of human milk varies 
with the water intake, contrary to the usual 
clinical impression and teaching, nor evidence 
of a diurnal rhythm. The monograph con- 
tains a wealth of statistical material for those 
interested in the chemical composition of hu- 
man milk. One finishes the monograph with 
the feeling of how little exact knowledge we 
possess of the subject despite the numerous 
studies which have been made. 


Angiocardiography. Charles T. Dotter, M.D., 
and Israel Steinberg, M.D., Annals of 
Roentgenology, Vol. XX, New York, 1951, 
Paul B. Hoeber, Inc., 304 pages. Price 
$16.00. 


Angiocardiography has become a definite 
part of the more elaborate diagnostic arma- 
mentarium in the field of congenital heart 
disease. This book is a timely treatise, and 
the whole subject is handled in a very ca- 
pable manner. There is an interesting his- 
torical section which reviews the claims to 
priority for originating the technique of an- 
giocardiography and which goes back to 1929, 
but one of the co-authors claims priority for 
the procedure as it is practiced today. 


The authors very carefully point out the 
inherent danger of angiocardiography in the 
eyanotic child and stress that the indications 





for such a procedure should be carefully con- 
sidered. They also emphasize that when or- 
dinary investigative means are sufiicient to 
rule out surgery as a possible therapeutic 
approach, then angiocardiography should 
probably not be done. 

The chief value of the book is in the ex- 
cellent collection of photographs of the heart 
and great vessels as depicted by contrast 
medium and associated diagrams delineating 
the anatomical structures which are being vis- 
ualized. The major part of the book is about 
the use of angiocardiography in congenital 
heart disease, although there are short sec- 
tions about the use of this technique in ac- 
quired cardiac and pulmonary disease. 

GOLDRING 


Essentials of Infant Feeding for Physi- 
cians. Herman F. Meyer, M.D., Spring- 
field, Ill., 1952, Charles C Thomas, 252 
pages. Price $6.75. 


This is an excellent practical text on in- 
fant feeding. The author has not attempted 
to go deeply into the metabolism of the in- 
fant, nor a lengthy discussion of the basic 
components which make up the infant’s food. 
Rather he has in a direct way discussed in- 
fant feeding as it is practiced today in the 
United States. A very useful discussion and 
description of the multitude of proprietary or 
commercial preparations on the market is in- 
cluded, together with their special indications 
and uses. Tables XXXII, XXXII, and 
XXXIII on economic considerations, which 
give the cost per day of feedings based on 
evaporated and dairy milk as contrasted with 
the proprietary foods, are worthy of consid- 
erable study by the practitioner. The advice 
given by Dr. Meyer throughout is sane and 
practical, such, for example, as coucerns the 
excessive use of vitamins. In referring to the 
multiplicity of foods presented to the prac- 
titioner, the advice to choose one or two prod- 
ucts in each category and become familiar 
with their clinical use is very sound advice. 
The text includes a tremendous amount of 
data regarding infant diet and foods in cur- 
rent use which will be of great value to the 
pediatrician, and which make it a very handy 
text to have in the working library in the 
office. In the opinion of the reviewer it is 
a needed text on infant feeding, as there is 
nothing quite like it, and it contains a wealth 
of material for rapid reference. 
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EARLY 


Editor’s Column 


HOME CARE OR INSTITUTION FOR THE 


RETARDED CHILD 


FEW weeks ago the following let- 
ter was received from the Direc- 
tor of the Lochland School for re- 
tarded children at Geneva, New York. 
Deur Dr. Veeder: 
or approximately twenty years I have 
conducted a school -for retarded children, 
During this period I have been increasingly 
disturbed by the attitude of many members 
of the medical profession which complicates 
for parents the problem of accepting their 
retarded children. I refer to the current 
practice of advising parents of a child whose 
development is slow to place him in an in- 
stitution as early as possible. 
The reasons usually given for this early 
separation are: 


(1) The extra care he requires often com 
plicates the family life. 

(2) Later separation will be more difficult 
for both parents and child. 

(3) His presence in the home is harmful 


to siblings. 


My experience has convinced me that par- 
ents who keep such a child at home as a 
loved the until he is 
three or four years of age are better able 
to accept his handicap and relinquish the 
later care of him with less pain because 
they have the satisfaction of having given 


him several years of tender care. 


member of family 


The siblings also need to know their lit 
tle brother during infancy and this relation- 
ship with him will help them to accept his 
handicap with sympathy and understanding 
when it is explained to them in later years. 
I am convinced that this problem can be 
handled without trauma to either child if 
thoughtfully planned. 

We, at Lochland, find that children who 
have had several years of loving care at 
home are happier, better adjusted children 


than the ones who have been deprived of 


these experiences. 


396 


We frequently are asked to take infants 
whose parents have been advised to put 
them in a school, but if the baby can be 
eared for at home affectionately without too 
great a strain on the family, we recommend 
that placement be delayed for several years. 
We are not referring here to the baby who 
shows gross physical stigmas but to those 
whe show a developmental lag and possibly 
mild eases of mongolism. This procedure 
does not deprive the family of the respon- 
sibility of loving and caring for the baby 
during its first years and helps to reduce the 
feeling of guilt which derives from rejecting 
We also feel that re 
the 
with 


him at an early age. 


tarded children need the assuranee of 


love of their families and contact 
them through letters and visits. 

May I ask that this question of early 
placement be reappraised by your branch of 
the medical profession at an early confer- 
ence, 

Sincerely yours, 
FLORENCE H. STEWART 


Director 


The Editor was somewhat puzzled 
by this rather general criticism of the 
attitude of the medical profession on 
the question of early home versus in- 
stitutional care for the retarded child, 
had practiced 
‘are although 
reasons than 


as for many years he 
and taught early home 
different 
given in the letter. Wondering if he 
was out of step with “current prac- 
tice,” to use the term in the letter, a 
copy was sent to four members of the 
Editorial Board who had been in prac- 
tice for enough years to have had to 
face the problem many times, asking 
for their comment. 

The attitude of the Editor has been 
that, aside from infants with gross 
stigmas of idiocy, an infant or young 


for somewhat 





























child in whom retardation is sus- 
pected is best cared for at home. 
First, as Dr. Shary in his comment be- 
low points our, there is need for ex- 
treme caution in prognosticating the 
ultimate degree of mentality in a seem- 
ingly retarded infant or young child. 
Years ago the Editor learned his lesson 
when he agreed with the diagnosis of 
mental retardation in a 6-month-old 
infant made by two other pediatri- 
cians, only to watch her over the years 
stand high in school and make an ex- 
cellent record in college. The second 
is that in his experience no one will 
have the necessary patience in train- 
ing, or make the effort to bring out 
the potential possibilities of develop- 
ment better than the mother of the 
child. He has seen remarkable de- 
velopment take place, far beyond ex- 
pectations in some of these children, 
and fully believes that they would 
have lapsed into a vegetative exist- 
ence if they had been institutionalized 
in infaney. Later the parents often 
recognized that a stage was reached 
where the child required a type of 
training they were no longer qualified 
to give, and an institution became auto- 
matic. As a matter of fact, one of the 
chief problems involved in home versus 
institutional care has been the eco- 
nomie one—a problem that has become 
more difficult in recent years. The 
rate, for example, in the Lochland 
School is $3,600 to $6,000 a year. In 
many parts of the country state insti- 
tutions are understaffed and _ over- 
crowded, and frequently there is a long 
waiting list. 

The members of the Editorial Board 
to whom the letter was referred feel 
that the request that “the question of 
early placement be reappraiscd by 
your branch of the medical profession” 
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deserves thought and consideration. 
The following comments have been 
made. 

Comment by Dr. Edward Shaw of 
San Francisco: 


The letter is interesting and deserves com- 
ment and discussion, for it concerns matters 
which are part of the experience of every 
practicing pediatrician and which engage a 
greater share of his time as he becomes 
ripened in practice. 

I believe that the idea that the markedly 
subnormal child, especially the mongol, 
should be separated from the family at the 
carliest possible moment really stems from 
Dr. Brennemann who held most vociferously 
that it was the responsibility of the pedia- 
trician to recognize this condition in early 
infaney and practically to demand that the 
mother should not take the child home from 
the hospital with her but should place it 
immediately in an institution. 

It has always seemed to me that this 
point of view was an extremely arrogant 
one in which the pediatrician admitted no 
possibility of ever being wrong in his diag- 
nosis, or incorrect in his opinion of the best 
solution for the involved family. Even in 
frank mongolism there is considerable dif- 
ference in degree; some of these children 
progress to a certain point before they level 
off in their development and most pedia- 
tricians will be able to recall certain cases 
in which physical characteristics pointed to 
mongolism but in which the developmental 
pattern only gradually sustained the diag- 
nosis indicated by the physical characteris- 
ties. I reeall one man of distinguished at- 
tainments whose appearance was so mongol- 
oid that I always wondered how he had 
escaped an institution in his early years of 
life. 

It has seemed kinder to me and less arro- 
gant to permit the family gradually to real- 
ize the limitations in intelligence of a de- 
fective child. This does not justify the pe- 
diatrician in withholding his misgivings, sus- 
picions, or certainties regarding the ultimate 
prognosis, but allows the family to share in 
the final decision which recognizes the de- 
gree of subnormality and the problem which 
applies to siblings and to the rest of the 
family. 
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The situation is simpler in mongolism in 


which the physical characteristics are so 


often unmistakable but is much more com- 
plicated with the brain-damaged child from 
cause or another in which it may be 
difficult to predict the final 
ments. Parents are certainly much more at 
peace with the situation if they have made 
effort to initial 
handicap by providing the normal care of 
infaney and early childhood so that final in- 
make them feel 
guilty and unhappy. there is no 
test which can be applied in early infancy 


one 


very attain- 


overcome an 


an honest 


not 
So 


stitutionalization does 


often 
to establish an absolutely dismal prognosis 
and parents should be encouraged to help 
these children along in the best possible way 
in a normal family If the 
problem is discussed with them frankly and 
a decision can be arrived at through 


relationship. 


ypenly 
consulting with the pediatrician and a time 
selected to place the child in an institution 
which will not penalize other normal mem 
bers of the family. I thoroughly agree that 
children in a family will profit from trying 
to help a member of the family overcome 
his handicaps and when eventual separation 
from the family is desirable it is usually 
possible to effect this without too much pain. 


It is my own practice to try to explain to 


the parents exactly what I see in a child 
development. 


which to subnormal 


Very often they are reluctant to accept this 


points 


opinion and sometimes they will hastily flee 
from the physician who suggests that any- 
thing is wrong. I usually state that I sin- 
cerely hope that my opinion that a child is 
seriously retarded is in error and only care- 
ful watching: will determine whether or not 
it is correct. 

There are, of course, parents who are 
completely unwilling to admit that a child 
time there is no 
longer any question about this. In such a 
situation it is the responsibility of the pe- 
diatrician to express his opinions most forci- 
bly, particularly if there are other children 
in the family who are being jeopardized by 
the drag of the subnormal child. I have oc- 
easionally seen children who were trauma- 


is subnormal at a when 


tized throughout their entire childhood by 
having to carry their 
usual activities where the parents were com- 
pletely unwilling to admit that the child 


along a sibling in 


was subnormal. This is probably the only 


JOURNAL 


OF PEDIATRICS 


reason for the assertion that every subnor- 
mal child shovid be separated from his fam 
ily at the earliest possible moment. 

The economics of the situation is another 
matter. There are very few places where 
a small infant can be kept by the average 
family. To place these children in state 
homes necessitates a certain amount of de- 
lay and I think this is a good thing for the 
family must then assume the early care of 
the child whether they want to or not. 


Comment by Dr. Stewart Clifford 
of Boston: 


A study of the letter reveals that in this 
region there would be found quite complete 
medical agreement with Miss Stewart’s gen 
eral thesis. However, the letter suggests that 
she is not clear in her own mind as to how 
certain important problems should be handled. 
The author qualifies her recommendation that 
placement in an institution be delayed for 
several years if it can be done without too 
great a strain on the family. This is where 
personal judgment enters and in an individual 
ease there might well be an honest differ- 
ence of opinion between the physician and 
Miss Stewart. 

Miss Stewart implies that babies with 
gross physical stigmas should be institution 
slized early—there is no disagreement with 
medical opinion here. 

She feels that the babies who show only 
a developmental lag should be followed at 
home until the need for institutional care 
becomes obvious—certainly there is no dis- 
agreement with accepted medical opinion 
here. 

However, a positive opinion on the im- 
portant group of babies where there is wide 
variation in medical thinking as to the ideal 
management is avoided. This is the group 
of mongols. She states that possibly the 
mild cases of mongolism should be cared for 
at home for several years. I personally make 
every effort to have the obvious mongolian 
baby go to an institution from the obstet 
ric hospital. When this is not possible, I 
try to have him institutionalized by the 
time he is two to four years of age. The 
group of physicians who are in charge of 
our state institutions take sharp issue with 
this policy of immediately institutionalizing 
mongol babies from the obstetric hospital. 
I am not sure as to the best policy for this 
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group, and Miss Stewart is apparently in 
doubt about this too. 

In passing, I do not think the statement 
that ‘‘children who have been cared for in 
the family until three or four years of age 
are happier, better adjusted children than 
the ones who have been deprived of these 
experiences,’’ can be accepted. They are 
probably not comparable groups since by 
natural selection the most severe and un- 
favorable cases would come to the institu- 
tion at an earlier age. 

I do not believe the blanket condemna- 
tion of the current practices of the medical 
profession is justified. The whole subject 
eannot be lumped together and dogmatic 
rules established. Mental retardation can 
be of multiple causes—each type must be 
considered separately. Furthermore, they 
must be considered as to the age at which 
the positive diagnosis can be established. 
In some cases, it is at birth—in others, an- 
oxie damage can be suspected at birth but 
it may take years before the true picture is 
evident. 

If we can define the group about which 
we are talking, then there is not much dif- 
ference of opinion encountered. 


Comment by Dr. Lee Hill of Des 
Moines: 


A few years ago I would have answered 
your inquiry about Miss Stewart’s lettter 
quite differently from the way I am doing 
now. Perhaps it is the mellowness of ad- 
vancing years, but more likely it is the re- 
sult of information gained from long experi- 
ence which has resulted in my changing 
views. So far as mongols go, I have al- 
ways felt it was best, if the condition could 
be diagnosed at birth, to make the separa- 
tion at that time rather than later when it 
becomes much more difficult for parents to 
break off the attachment which is bound to 
develop. Andy Aldrich and I used to talk 
about this problem, and I know he followed 
this routine, whenever it was possible. 

The cerebral palsied child, however, is en- 
tirely a different story. I am sure many of 
us in the past urged institutionalization of 
children who appeared to be hopelessly dam- 
aged when this was not actually so. Today 
I have many such children under my care 
where I have advised the parents to keep 
them at home until it has been proved be- 
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yond question that any degree of useful 
mentality cannot be expected. I am sure 
my thinking in this respect has been tem- 
pered by the interest which has sprung up in 
all quarters over cerebral palsied children. 

I think the letter brings up a most im- 
portant problem. As I said earlier, some 
years back it was my practice to refer all 
mentally damaged children to institutions as 
soon as possible, but, in recent years, I find 
myself much more frequently placing the 
possibilities before the parents and letting 
them make their own decision. [I still ree- 
ommend early institutionalization for mon- 
gols and hopelessly brain-damaged chil- 
dren. 


Comment by Dr. Harry Bakwin of 
New York: 


In my opinion the problem of early in- 
stitutionalizing a defective child must be 
decided individually. In the case of young 
parents, if a positive diagnosis of mental 
deficiency can be made at birth, as in the 
ease of a mongol, I generally advise insti- 
tutional or foster-home care if it can be ar- 
ranged. There is obviously no point in ad- 
vising institutional or foster-home care if 
this is, for any reason, impossible. 

When hitherto childless parents in their 
middle years produce a defective baby, the 
situation is much different. Many parents 
have a strong sense of duty. Often they do 
not plan to have more children and prefer 
a defective child to none at all. It has been 
my practice here not to interfere but rather 
to reinforce any decision which the parents 
seem inclined to make. 

When parents who have already had sev- 
eral children have a defective child, a care- 
ful judgment is necessary on the basis of 
the desires of the parents, the age difference 
between the defective baby and the older 
siblings, the parents’ appreciation of the 
effect of having a defective baby in the 
home on the older children. Though the 
effect on the older children is generally an 
adverse one, having a defective baby in the 
home can under certain circumstances be an 
ennobling experience for them. The par- 
ents’ behavior toward the unfortunate mem- 
ber of the household may serve as a model 
for the older children and may engender in 
them a similar helpful attitude toward less 
fortunate members of society. 
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If the attitude and practice of these 
five pediatricians in different parts of 
the country reflect the general attitude 
of physicians to the question raised, it 
does not seem that the general criticism 
in the letter is justified. 

As pointed out in the comments dog- 
matie rules eannot be established. 
Each ease must be individualized and 
it is just here that much thought and 
wise counseling must be given by the 
physician to whom the parents turn 
Many fae- 


tors must be taken into consideration. 


for help in their tragedy. 





OF PEDIATRICS 


Among these are the degree of re- 
tardation, the attitude of the parents 
the child, the back- 


ground of the family, the physical 


toward social 
facilities of the home, the question of 
siblings, the economie situation of the 
family, and the availability of satis- 
factory institutions. These far 
better known to the physician than to 
institutional authorities. 


are 


Perhaps some of our readers, or 
those in charge of training in institu- 
tions, can help clarify the problem. 


ACRODYNIA 


HE acrodynie syndrome is one of 
the most bizarre pediatrie diseases. 
There has been considerable specula- 
tion as to the etiology and a number of 
In 
Aus- 


hypotheses have been suggested. 
Cheek of 
tralia, where the disease is more prev- 


last month’s issue 
alent than in this country, diseussed 
the clinical picture and reviewed the 
studies on the alternations in physi- 


ology which oceur in the course of 
the disease. Some of the changes are 
similar to those found in the group 


of ‘‘stress’’ conditions involving adre- 


nal function. 

In this month’s issue Warkany re- 
views the relationship between mer- 
cury and acrodynia which he pointed 
out several years ago, and presents 
that 


mereury is the ‘‘most frequent causa- 


new and convincing evidence 


tive agent of the acrodynie syndrome”’ 
as it is seen in this country and Eu- 
There of 


answered questions in relation- 


number 
this 


rope. are a un- 
ship, as why mereury produces acro- 
dynia in one child and not in another. 
Cheek and 
Warkany may be interrelated in this 


Perhaps the findings of 


selectivity. 


Warkany’s work places acrodynia 


in the group of diseases which are 
largely preventable. He points out 
that acrodynia has chiefly followed 
the use of mercury in ‘‘teething pow- 
ders,’’ as a vermifuge, and in the 
treatment of impetigo. There are 
other drugs available that not only 
will obviate the use of mereury, but 


are superior to mercury for these in- 


dications. 





